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The development of both palladium and nickel catalysis over the past several decades has 
led to the ability to perform a multitude of C-C coupling, C-Heteroatom coupling, and C-H 
functionalization reactions. These reactions typically utilize a catalytic cycle involving Pd0/II/IV and 
Ni0/II. While using these types of catalytic cycles one can create a multitude of different hard to 
make bonds, it is always important to keep expanding what we view as potential catalytic 
intermediates to keep developing new cycles capable of new transformations.  
 One such way to expand our knowledge of these catalytic cycles is to look at the oxidation 
states that are less commonly observed in catalysis. This typically involves PdI/III and NiI/III/IV. 
Studying these rare oxidation states allows us to determine if they have the potential to either take 
part in current catalytic cycles, or develop new ones that take advantage of these oxidation states. 
Our group has previously synthesized various PdIII and NiIII complexes with the support of N,N’-
dialkyl-2,11-diaza[3.3](2,6)pyridinophane (RN4). This ligand has allowed for the isolation and 
characterization of these complexes that are typically seen as unstable letting us study their 
reactivity.  
xvi 
 
 First, we investigated the effects of ligand flexibility on the stabilization of PdIII complexes 
by synthesizing several ligands. The “flexible” ligands had a 1,4,7-triazacyclononane framework 
and the “rigid” ligands had a diazabicylononanone framework. Seeing that the flexible 1,4,7-
triazacyclononane ligands seemed to be better at stabilizing the high valent palladium, we 
continued using it to synthesize organometallic nickel complexes. These complexes proved very 
easy to oxidize allowing NiII/III/IV oxidation states to be isolated and fully characterized. The 
oxidative reactivity was studied for these three nickel complexes looking at oxidative addition with 
organic halides, aerobic oxidation, and most interestingly photolysis that resulted in much faster 
reductive elimination from the NiIV species. Lastly, we investigated the ligand modifications that 
can be done to either stabilize or destabilize high valent NiIII species using a N,N’-dialkyl-2,11-
diaza[3.3](2,6)pyridinophane ligand that was modified to observe the effect on differing amounts 
of steric bulk and electronic effects. Studying these rare high valent complexes is important so we 
can continue to expand the scope of what catalytic transformations we can use to improve our daily 
lives.  
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Chapter 1 
 
Introduction to Palladium and Nickel Catalysis 
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1.1   Palladium Catalysis 
 Palladium catalysis has been used for a wide range of applications over the past few 
decades including C-C coupling, C-H activation, and C-heteroatom coupling. Researchers 
interested in these catalysts are constantly striving to increase the efficiency, selectivity, and the 
range of products that can be produced. Several different industries have taken advantage of the 
ability of palladium to preform coupling reactions including pharmaceutical, agrochemical, and 
fine chemical industries.1 In fact palladium catalysis became so prevalent that in 2010 the Nobel 
Prize in Chemistry was awarded to Heck, Negishi, and Suzuki for their work in palladium 
catalyzed cross couplings in organic synthesis and examples of these along with other cross 
coupling reactions can be seen in Scheme 1.1.2-7 
 
Scheme 1.1 Famous cross coupling reactions.  
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 For these reactions to occur, the palladium must undergo multiple oxidation state changes, 
typically involving Pd0 and PdII. This ease of transition between oxidation states is one reason that  
palladium is able to catalyze these transformations. Starting with a Pd0 source, oxidation addition 
of typically an organic halide substrate lead to a new PdII complex.8 Transmetallation occurs 
replacing the X with the second R group while maintaining the PdII oxidation state.9 The complex 
then may need to undergo an isomerization depending on its orientation before reductive 
elimination can occur, where the desired product is removed and the Pd0 complex that was the 
starting material is now regenerated (Scheme 1.2). Depending on the optimization of reaction 
being run, a single atom of palladium can be expected to undergo this cycle thousands or hundreds 
of thousands of times.10 Palladium being a precious metal the ability to reduce the amount of 
palladium used or increase the amount recovered from the reaction is a constant goal researchers 
strive towards. 
 
Scheme 1.2 Kumada cross coupling catalytic cycle involving Pd0/II. 
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 The ligands involved in these catalytic transformations are just as important as the 
palladium. Between varying the donor atoms, the denticity, sterics, and flexibility, there are 
hundreds of potential ligands one could use a few of which are shown in Figure 1.1, each with 
their strengths and weaknesses. One of the primary roles of these ligands is to stabilize the 
palladium center as it transitions between oxidation states. For most catalytic transformations with 
palladium, this means stabilizing Pd0/II. More recently there have been catalytic cycles that utilize 
PdII/IV oxidation states.11 This high valent PdIV species should be easier to reduce, resulting in a 
more facile reductive elimination to give the desired products. This chemistry has opened up many 
new transformations in palladium C-C and C-X catalysis.  
 
Figure 1.1 Examples of commonly used ligands.12-14 
 
1.2   Nickel Catalysis 
 Nickel is another metal very similar to palladium due to occupying the same column in the 
periodic table. This gives nickel similar electronic properties to palladium which resides one row 
below it. While Pd has always been a terrific catalyst for certain cross coupling reactions, there are 
several reasons that make Ni worth pursuing as a catalyst. The most obvious reason is that Ni is 
not a precious metal whereas Pd is one of the most valuable. At the time this was written, Pd was 
approximately 4000 times more expensive per mole than Ni. While the bulk cost of the metal is 
not everything that goes into the cost of a catalytic cycle, it is hard to ignore this difference in 
price. But rather than trying to completely replace Pd, which will never happen even with the 
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difference is cost, Ni is capable of performing chemistry that Pd is less likely to undergo making 
it worthwhile to study. Ni is more prone to oxidative addition compared to Pd allowing it to activate 
more substrates such as phenol derivatives,15, 16 aromatic nitriles,17 or even aryl fluorides.18 In 
addition to this increased oxidative reactivity, Ni catalysts tend to be slower at β-hydride 
elimination than Pd which has been a side reaction that the catalyst is capable of that is generally 
not desired.19 The largest benefit that Ni possess over Pd is the more oxidation states that are 
readily available. Where Pd catalytic cycles have focused on Pd0/II/IV oxidation states, Ni catalytic 
cycles have been known to access the oxidation states Ni0/I/II/III. These intermediate oxidation states 
make it possible for radical mechanisms, single electron transfers, and photoredox catalysts to be 
involved in catalytic cycles for Ni.20, 21  
 
Scheme 1.3 Proposed catalytic cycle involving NiI/III as intermediates. 
 
 
Scheme 1.3 represents a NiI/III catalytic cycle where the oxidative addition occurs in two SET as 
part of a radical mechanism starting from a NiI. Scheme 1.4 shows how recently photoredox 
catalysts have been used in conjunction with Ni catalysts to create a system where Ni goes through 
the 0/I/II/III oxidation states.22-25 These characteristics along with many others make Ni catalysts 
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and their mechanisms very important to study to gain a better understanding of how we can 
continue to improve them.  
 
Scheme 1.4 Proposed Ni/photoredox catalytic cycle involving NiI/III as intermediates.  
 
 
1.3   Stabilization of High Valent Palladium and Nickel 
For both Ni and Pd, some of their oxidation states are more elusive than others. Pd has 
been characterized greatly in the 0/II/IV26, 27 oxidation states and to a lesser extent, the I/III 
oxidation states.28-35 Although Ni is proposed to go through various oxidation states more easily 
than Pd, there are still a limited number of examples of Ni complexes in the I/III/IV oxidation 
states.36-40 It is important to be able to study these rare oxidation states to determine if there is 
potential for current or new catalytic cycles to take advantage of these intermediates. However, 
the reason there are fewer examples of these oxidation states is that these intermediates are 
typically short-lived making them difficult to fully characterize. A few examples of some of the 
first high valent organometallic Ni and Pd complexes are shown in Figure 1.2. These high valent 
complexes were found to be very stable even at room temperature making them easy to 
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characterize. The downside to these complexes is that they could be considered too stable, meaning 
that these complexes did not readily undergo some form of reactivity. This lack of reactivity could 
be caused by several factors including the geometry of the complex, the position of the ligands, 
and the type of bond that would be formed. This makes it difficult to study the reactivity of these 
complexes and observe how they could potentially take part in a catalytic cycle.  
 
Figure 1.2 Early examples of isolated high valent PdIII (left),41 NiIII (center),42 and NiIV (right).43 
 
To study the reactivity of these complexes, one needs to use specially designed ligands that 
favor stabilization of the intermediates rather then turning over the catalytic cycle. Not only should 
it stabilize these complexes, but arrange the ligands such that reactivity is possible to avoid some 
of the previously mentioned problems where the complexes are too stable and do not undergo any 
form of reactivity. Our group uses flexible multidentate ligands to try and stabilize these high 
valent intermediates. This is because at various oxidation states, the metal center requires varying 
amounts of electron donation from the ligands. The most common ligand framework in our lab is 
N, N’-di-alkyl-2,11-diaza[3.3](2,6)pyridinophane (RN4, Figure 1.3). The RN4 ligand allows for 
three different conformations where the ligand is 2/3/4. As the oxidation state increases for a metal, 
it becomes more electron deficient requiring more ligands to remain stable and the RN4 ligand 
allows the two axial nitrogens to coordinate to the metal center on an as needed basis. It also forces 
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the two exogenous ligands to be cis with one another, which encourages reductive elimination 
between the two, especially from these high valent intermediates. Another ligand our group has 
used to stabilize these high valent complexes is 1,4,7-trimethyl-1,4,7-triazacyclononane 
(Me3tacn). This ligand is also very flexible allowing 2/3 conformations similar to RN4. The 
obvious difference between these ligands is that Me3tacn ligand can at most be tridentate where 
RN4 is tetradentate. This is useful if one wants to have an open coordination site or potentially 
support an additional exogenous ligand to further study reactivity.  
 
Figure 1.3 Different conformations of RN4 and Me3tacn ligands.  
 
Some of the complexes our group has isolated using these types of ligands includes both 
high valent Pd and Ni (Figure 1.4). Several of these compounds along with others that have been 
synthesized can undergo some sort of reactivity some of which include C-C and C-X bond 
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formation. The fact that these high valent intermediates do undergo reductive elimination to 
produce organic products is important because it means that these oxidation states are potentially 
viable intermediates in catalytic cycles that undergo similar reductive eliminations. Ideally this 
means that new catalytic cycles could be developed to take advantage of these high valent PdIII 
and NiIII complexes similar to what has already been done with PdIV. However, designing a 
catalytic cycle to take advantage of a new oxidation state involves many new steps with new 
oxidation states other than the high valent ones that also need to be studied, such as PdI and NiI. 
The focus of my projects has centered around the isolation and characterization of new high valent 
Pd and Ni complexes to gain a better understanding of what stabilizes these intermediates and the 
chemistry that they are capable of undergoing.  
 
Figure 1.4 High valent Ni and Pd complexes previously synthesized by our group using RN4 and Me3tacn 
ligands.30, 44-46 
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Chapter 2 
 
The Effect of Ligand Flexibility on the Stability of the 
Corresponding Pd(III) Complexes 
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2.1   Introduction 
This work was started by Dr. Anuj Sharma who did much of the synthesis and 
characterization for the PyMe2tacn complexes and their reactivity. My contributions were the 
synthesis of the Py2Metacn and DBN ligands and the characterizations of their corresponding 
complexes.  
Pd0, PdII, and PdIV are the predominant oxidation states in the majority of palladium 
complexes, however the other oxidation states, PdI and PdIII, have also been shown to exist.1-13 The 
chemistry of high oxidation state Pd (PdIII or PdIV) received little attention over a long period of 
time.1, 14 Although the PdIV complexes have been studied and extensively characterized,4, 15-23 there 
are still very few well characterized PdIII complexes.3, 24 It has been proposed that dinuclear PdIII 
complexes can act as active intermediates in C-H oxidative functionalization reactions.3, 25-28 
Mononuclear PdIII complexes were also proposed as transient intermediates in oxidatively induced 
reductive elimination of ethane from a PdIIMe2 complex, the insertion of dioxygen into a Pd-Me 
bond, and Kumada coupling.29-31 Recently, our group has reported the synthesis, structural, and 
electronic properties of PdIII complexes using the tetradentate ligand N,N′-di-alkylbutyl-2,11-
diaza[3.3](2,6)pyridinophane (N4)24, 32, 33 and the tridentate ligand 1,4,7-trimethyl-1,4,7-
triazacyclononane (Me3tacn),
34-36 which can stabilize mononuclear and dinuclear PdIII species.24, 
33, 34, 36-38 In these cases, two nitrogen atoms are coordinated to the PdII center, while the axial 
nitrogen atoms can coordinate upon oxidation to PdIII. This flexibility provides “coordination on 
demand” and is the key for the successful isolation of PdIII species using these ligands39. 
Continuing research in this direction, we have employed other multidentate ligands in order to 
obtain insight in the role of ligand flexibility in the stabilization of PdIII complexes. Herein we 
report the synthesis and characterization of tetradentate ligands, L1-L4 (Figure 2.1), their PdII 
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complexes, and a comparative analysis of their ability to stabilize the PdIII oxidation state. 
Although these ligands provide a macrocyclic environment with pyridine and amine nitrogen 
donors, their ability to accommodate different oxidation states is very different and their flexibility 
is found to be the deciding factor for stabilization of PdIII species. Cyclic voltammetry reveals that 
these complexes undergo PdIII formation, although some of them are not reversible. An attempt 
was made to isolate PdIII complexes via electrochemical and chemical oxidation and 
spectroscopically characterize PdIII species. PdIII complex 1+ could be isolated as a purple colored 
compound which is stable at low temperature, yet 2+ is highly reactive and leads to the formation 
of ethane and chloromethane. PdII complexes with L2 exhibit similar properties to L1. EPR spectra 
of the PdIII species 1+ and 3+ are very interesting and show superhyperfine coupling between the 
Naxial (I = 1, Azz = 38) and coordinated Cl
˗ (I = 3/2, Azz = 35). DFT calculations were performed to 
get insights into possible geometries, understand EPR spectra and reactivity of these PdIII species. 
Overall, ligands L1 and L2 provide a coordination environment which supports PdIII formation, 
while L3 and L4 do not. Based on these results, we conclude that the flexibility of our ligand 
systems is a key factor to access the PdIII oxidation state.  
 
Figure 2.1 Structures of Multidentate Ligands Employed to Stabilize PdIII Complexes.  
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2.2   Experimental Section 
Reagents and Materials. All reagents for which the synthesis is not given were commercially 
available and were used as received without further purification. Solvents were purified prior to 
use by passing through a column of activated alumina using an MBRAUN SPS. 1,4-di(p-
toluenesulphonyl)-1,4,7-triazacyclononane and (p-toluenesulphonyl)-1,4,7-triazacyclononane 
was prepared following literature procedure. Both the dipyridyl-3,7-diazabicylononanone ligands 
L3 and L4 were synthesized following reported procedures.40, 41  
 
2.2.1 Synthesis of (PyMe2tacn), L1 
1,4-ditosyl-7-pyridylmethyl-1,4,7-triazacyclononane. 1,4-di(p-toluenesulphonyl)-1,4,7-
triazacyclononane (1.5 g, 3.43 mmol) and sodium carbonate (1.44 g, 13.72 mmol) were mixed in 
dry MeCN (50 mL) under N2 atmosphere. 2-Picolyl chloride hydrochloride (0.574 g, 3.5 mmol) 
was added as a solid, followed by tetrabutylammonium bromide (40 mg). Reaction was refluxed 
under N2 for 24 h. Then it was filtered and the solvent was removed from filtrate to yield a brown 
solid. The crude product was purified over silica gel column using MeOH/CHCl3 (5:95) to yield 
the yellowish solid as pure product (1.80 g, yield 99.3%). 1H NMR (CDCl3):  8.44 (d, 1H, PyH), 
7.64-7.61 (m, 5H, PyH and ArH), 7.31-7.23 (m, 5H, PyH and ArH), 7.18-7.12 (m, 1H, PyH), 3.92 
(s, 2H, CH2Py), 3.49 (s, 4H, NCH2CH2N), 3.19 (t, 4H, NCH2CH2N) 3.04 (t, 4H, NCH2CH2N), 
2.42 (s, 6H, ArCH3). 
13C NMR (300 MHz, CDCl3)/δ (ppm): 159.61, 148.79, 143.48, 136.63, 
135.28, 129.76, 127.13, 123.51, 122.07, 62.74, 55.16, 52.81, 51.68. ESI-MS: Calcd for [M+H]+, 
529.2; found, 529.2.  
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1-pyridylmethyl-1,4,7-triazacyclononane. 1,4-di(p-toluenesulphonyl)-7-pyridylmethyl-1,4,7-
triazacyclononane (0.5 g, 0.946 mmol) was placed in a flask and conc. H2SO4 (5 mL) was added. 
It was stirred with heating at 100 C for 24 h. After cooling to room temperature, the dark mixture 
was poured into crushed ice (10 g) and aqueous NaOH (3M) was cautiously added while cooling 
the flask in an ice bath until the pH exceeds 12. The mixture was extracted with CHCl3 (4 x 25 
mL). The CHCl3 solution was dried over MgSO4 and the solvent was removed under reduced 
pressure to yield a yellowish oil (0.16 g, 77%). 1H NMR (CDCl3):  8.53 (d, 1H, PyH), 7.64 (t, 
1H, PyH), 7.43 (d, 1H, PyH), 7.16 (t, 1H, PyH), 3.89 (s, 2H, NCH2Py), 2.79 (s, 4H, NCH2CH2N), 
2.70 (s, 8H, NCH2CH2N). 
13C NMR (300 MHz, CDCl3)/δ (ppm): 159.94, 148.93, 136.57, 123.03, 
122.08, 61.44, 54.52, 53.86, 49.86. ESI-MS: Calcd for [M+H]+, 221.2; found, 221.2.  
 
1,4-dimethyl-7-(2-pyridylmethyl)-1,4,7-triazacyclononane (L1). 1-pyridylmethyl-1,4,7-
triazacyclononane (0.16 g, 0.727 mmol) was taken in a flask and a 2:1 mixture of 37% 
formaldehyde and formic acid (5 mL) was added to it. The reaction mixture stirred with heating at 
100C for 24 h. After cooling to room temperature, the pH was adjusted to ~11 by adding aqueous 
NaOH (3 M).  The mixture was extracted with CHCl3 (4 x 25 mL). The CHCl3 solution was dried 
over MgSO4 and the solvent was removed under reduced pressure to yield a yellowish oil (0.116 
g, 64%). 1H NMR (CDCl3):  8.53 (d, 1H, PyH), 7.65 (t, 1H, PyH), 7.49 (d, 1H, PyH), 7.14 (t, 1H, 
PyH), 3.85 (s, 2H, -CH2Py), 2.83 (t, 4H, NCH2CH2N), 2.80 (s, 4H, NCH2CH2N), 2.67 (t, 4H, 
NCH2CH2N), 2.36 (s, 6H, NCH3). 
13C NMR (300 MHz, CDCl3)/δ (ppm): 160.37, 148.85, 136.23, 
123.26, 121.78, 64.68, 57.04, 56.85, 56.01, 46.59. ESI-MS: Calcd for [M+H]+, 249.2; found, 
249.2.  
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2.2.2 Synthesis of (Py2Metacn), L2 
1,4-pyridylmethyl-7-tosyl-1,4,7-triazacyclononane. (p-Toluenesulphonyl)-1,4,7-
triazacyclononane (2.6 g,  9.18 mmol) and sodium carbonate (7.93 g, 74.8 mmol) were mixed in 
dry MeCN (250 mL) under N2 atmosphere. 2-Picolyl chloride hydrochloride (3.79 g, 23.1 mmol) 
was added as a solid, followed by tetrabutylammonium bromide (70 mg). Reaction was refluxed 
under N2 for 24 h. Then it was filtered and the solvent was removed from filtrate to yield a brown 
solid. The crude product was purified over silica gel column using MeOH/CHCl3 (5:95) to yield 
the yellowish solid as pure product (1.89 g, 44.2 % yield ). 1H NMR (CDCl3):  8.51 (d, 2H, PyH), 
7.65-7.62 (m, 4H, PyH and ArH), 7.51-7.49 (m, 2H, PyH), 7.27 (d, 2H, ArH), 7.16-7.14 (m, 2H, 
PyH), 3.86 (s, 4H, CH2Py), 3.24 (t, 4H, NCH2CH2N), 3.14 (t, 4H, NCH2CH2N) 2.79 (s, 4H, 
NCH2CH2N), 2.40 (s, 3H, ArCH3).  
 
1,4-bis(pyridylmethyl)-1,4,7-triazacyclononane. 1,4-Pyridylmethyl-7-tosyl-1,4,7-
triazacyclononane (1.90 g, 4.08 mmol) was placed in a flask and conc. H2SO4 (25 mL) was added. 
It was stirred with heating at 100C for 24 h. After cooling to room temperature, the dark mixture 
was poured into crushed ice (10 g) and aqueous NaOH (3M) was cautiously added while cooling 
the flask in an ice bath until the pH exceeds 12. The mixture was extracted with CHCl3 (4 x 50 
mL). The CHCl3 solution was dried over MgSO4 and the solvent was removed under reduced 
pressure to yield a yellowish oil ( 1.01 g, 79.5 %). 1H NMR (CDCl3):  8.51 (d, 2H, PyH), 7.60 (t, 
2H, PyH), 7.46 (d, 2H, PyH), 7.14 (t, 2H, PyH), 3.87 (s, 4H, NCH2Py), 2.78 (t, 4H, NCH2CH2N), 
2.71 (t, 4H, NCH2CH2N), 2.66 (s, 4H, NCH2CH2N). 
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1,4-bis(pyridylmethyl)-7-methyl-1,4,7-triazacyclononane (L2). 1,4-Pyridylmethyl-1,4,7-
triazacyclononane (0.900 g, 2.90 mmol) was taken in a flask and a 2:1 mixture of 37% 
formaldehyde and formic acid (27 mL) was added to it. The reaction mixture stirred with heating 
at 100C for 24 h. After cooling to room temperature, the pH was adjusted to ~11 by adding 
aqueous NaOH (3 M).  The mixture was extracted with CHCl3 (4 x 50 mL). The CHCl3 solution 
was dried over MgSO4 and the solvent was removed under reduced pressure to yield a yellowish 
oil (0.851 g, 90.0 %). 1H NMR (CDCl3):  8.50 (d, 2H, PyH), 7.64 (t, 2H, PyH), 7.45 (d, 2H, PyH), 
7.14 (t, 2H, PyH), 3.82 (s, 4H, NCH2Py), 2.90 (m, 8H, NCH2CH2N), 2.75 (s, 4H, NCH2CH2N), 
2.38 (s, 3H, NCH3). ESI-MS: Calcd for [M+H]
+, 326.2; found, 326.2. 
 
2.2.3 Synthesis of PdII Complexes 1-6 
(L1)PdIICl2 (1). (PhCN)2Pd
IICl2 (49.5 mg, 0.128 mmol) and L1 ligand (32 mg, 0.128 mmol) were 
dissolve in dry CH2Cl2 (10 mL). The brownish solution was stirred for 24 h under N2. Then 
solution was concentrated to ~2 mL and allowed to stand at room temperature for 30 min. A light 
brown precipitate appeared which was filtrated off, washed with ether and dried under vacuum. 
Yield: 48 mg, 87.5%. Anal. Found: C, 33.31%; H, 5.34%; N, 10.67%. Calcd for 
C14H24N4Cl2Pd.CH2Cl2.2H2O: C, 32.96%; H, 5.53%; N, 10.25%. 
1H NMR (300 MHz, CD3CN), δ: 
8.60 (d, 1H, PyH), 8.04 (t, 1H, PyH), 7.58 (d, 1H, PyH), 7.48 (t, 1H, PyH), 4.69 (s, 2H, -CH2Py), 
3.31 (t, 4H, NCH2CH2N), 3.17-3.03 (m, 4H, NCH2CH2N), 2.86 (s, 4H, NCH2CH2N), 2.36 (s, 3H, 
NCH3), 2.23 (s, 3H, NCH3). HR-MS for (L1)Pd
IICl2 in MeCN, m/z 389.0721; calculated for [M-
Cl]+, C14H24N4PdCl, 389.0724. 
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(L1)PdIIMeCl (2). L1 (32 mg, 0.128 mmol) and (COD)Pd(Me)(Cl) (34 mg, 0.128 mmol) were 
placed in a 50 mL RB flask with a magnetic stir bar under N2. Dry Et2O (20 mL) was injected into 
the flask via a syringe. The resulting solution was stirred vigorously in the dark for 24 h. The pale 
yellow precipitate was collected by filtration, washed by ether and dried under vacuum. Yield: 38 
mg, 73%. Anal. Found: C, 42.72%; H, 6.83%; N, 13.12%. Calcd for C15H27N4ClPd.H2O: C, 
42.56%; H, 6.91%; N, 13.24%. 1H NMR (300 MHz, CD3CN), δ: 8.32 (d, 1H, PyH), 7.95 (t, 1H, 
PyH), 7.52 (d, 1H, PyH), 7.43 (t, 1H, PyH), 4.35 (s, 2H, -CH2Py), 3.18 (m, 4H, NCH2CH2N), 2.83-
2.93 (m, 8H, NCH2CH2N), 2.65 (s, 6H, NCH3), 0.38 (s, 3H, Pd-CH3). HR-MS of solution of 
(L1)PdII(Me)Cl in MeCN, m/z 369.1246 (major) and 389.0721 (minor); calculated for [M-Cl]+, 
C15H27N4Pd, 369.1271 and calculated for [M-Me]
+, C14H24N4PdCl, 369.0724.   
 
(L2)PdIICl2 (3). L2 (32.4 mg, 0.0997 mmol) and (COD)PdIICl2 (28.4 mg, 0.0995 mmol) were 
dissolved in dry CH2Cl2 (8 mL). The brownish solution was stirred for 24 h under N2. A brownish-
orange precipitation was formed by the addition of ether. This precipitate was filtered off, washed 
with ether, and dried in vacuo to yield the product. The product was recrystallized from 
MeCN/Et2O. Yield: 26.1 mg, 52%. Anal. Found: C, 42.30%; H, 5.62%; N, 12.82%. Calcd for 
C19H27N5Cl2Pd.2H2O: C, 42.35%; H, 5.80%; N, 13.00%. 
1H NMR (300 MHz, CD3CN), All peaks 
appeared as broad multiplets; δ: 8.70-8.58 (m, 1H, PyH), 8.54-8.42 (m, 1H, PyH), 8.13-7.95 (m, 
1H, PyH), 7.79-7.62 (m, 1H, PyH), 7.61-7.42 (m, 3H, PyH), 7.23-7.16 (m, 1H, PyH), 4.37-4.14 
(m, 4H, 2CH2Py), 3.87 (m, 4H, NCH2CH2N), 3.37-3.16 (m, 4H, NCH2CH2N), 2.95 (m, 4H, 
NCH2CH2N), 2.83-2.69 (m, 3H, NCH3). ESI-MS for (L2)Pd
IICl2 in MeCN, m/z 468.1; calculated 
for [M-Cl]+, C19H27N5PdCl, 468.1.  
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(L2)PdIIMeCl (4). L2 (42 mg, 0.129 mmol) and (COD)Pd(Me)(Cl) (32.6 mg, 0.123 mmol) were 
placed in a 25 mL RB flask with a magnetic stir bar under N2. The flask was evacuated twice and 
then dry Et2O (15 mL) was injected into the flask via a syringe. The resulting solution was stirred 
vigorously in the dark for 24 h. The pale yellow precipitate was collected by filtration, washed by 
ether and dried under vacuum. Yield: 52 mg, 87.8%. 1H NMR (300 MHz, CD3CN), All peaks 
appeared as broad multiplets; δ: 8.54-8.29 (m, 2H, PyH), 8.03-7.61 (m, 2H, PyH), 7.55-7.19 (m, 
4H, PyH), 4.07 (s, 2H, 2CH2Py), 4.02 (s, 2H, 2CH2Py), 3.65-3.28 (m, 4H, NCH2CH2N), 3.24-3.05 
(m, 4H, NCH2CH2N), 3.02-2.84 (m, 4H, NCH2CH2N), 2.79 (s, 3H, NCH3). ESI-MS of solution of 
(L2)PdII(Me)Cl in MeCN, m/z 446.2; calculated for [M-Cl]+, C20H30N5Pd, 446.15.   
 
(L3)PdIICl2 (5). (PhCN)2Pd
IICl2 (41.1 mg, 0.107 mmol) and L3 ligand (50 mg, 0.107 mmol) were 
placed in a 50 mL RB flask with a magnetic stir bar under N2. Dry Et2O (15 mL) was injected into 
the flask via a syringe. The resulting solution was stirred vigorously in the dark for 24 h. The pale 
yellow precipitate was collected by filtration, washed by ether and dried under vacuum. Yield: 36 
mg, 52%. Anal. Found: C, 41.17%; H, 4.75%; N, 7.61%. Calcd for  
C25H30N4Cl2O5Pd.CH2Cl2.1.5H2O: C, 41.32%; H, 4.67%; N, 7.41%. 
1H NMR (300 MHz, CD3CN), 
δ: 8.85 (d, 2H, PyH), 8.13 (t, 2H, PyH), 7.65 (t, 2H, PyH), 7.43 (d, 2H, PyH), 5.50 (s, 2H, Py-CH-
), 4.36 (q, 4H, COOCH2CH3), 3.34 (s, 3H, Pd-NCH3), 3.22 (d, 2H, CH2-NCH3), 2.96 (d, 2H, CH2-
NCH3), 2.65 (s, 3H, NCH3), 1.34 (t, 6H, COOCH2CH3). HR-MS for (L3)Pd
IICl2 in MeCN, m/z 
607.0930; calculated for [M-Cl]+, C25H30N4O5PdCl, 607.0940.     
 
(L3)PdIIMeCl (6). L3 (50 mg, 0.107 mmol) 41.1 mg, 0.107 mmol) and (COD)Pd(Me)(Cl) (34 
mg, 0.128 mmol) were placed in a 50 mL RB flask with a magnetic stir bar under N2. Dry Et2O 
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(15 mL) was injected into the flask via a syringe. The resulting solution was stirred vigorously in 
the dark for 24 h. The pale yellow precipitate was collected by filtration, washed by ether and 
dried under vacuum. Yield: 54 mg, 81%. Anal. Found: C, 44.69%; H, 5.82%; N, 7.82%. Calcd 
for C26H33N4ClO5Pd.4H2O: C, 44.90%; H, 5.94%; N, 8.06%. 
1H NMR (300 MHz, CD3CN), δ: 
8.50 (d, 2H, PyH), 8.06 (t, 2H, PyH), 7.60 (t, 2H, PyH), 7.40 (d, 2H, PyH), 5.43 (s, 2H, Py-CH-), 
4.35 (q, 4H, COOCH2CH3), 3.02 (d, 2H, CH2-NCH3), 2.91 (s, 3H, Pd-NCH3), 2.80 (d, 2H, CH2-
NCH3), 2.42 (s, 3H, N-CH3), 1.33 (t, 6H, COOCH2CH3), 0.79 (s, 3H, Pd-CH3). HR-MS for 
(L3)PdII(Me)(Cl) in MeCN, m/z 587.1485; calculated for [M-Cl]+, C24H32N4O5Pd, 587.1486. 
 
2.2.4 Physical Measurements 
1H and 13C NMR spectra were recorded on a Varian Mercury-300 spectrometer (300.121 
MHz). UV−vis spectra were recorded on a Varian Cary 50 Bio spectrophotometer and are reported 
as λmax, nm (ε, M−1 cm−1). EPR spectra were recorded on a JEOL JES-FA X-band (9.2 GHz) EPR 
spectrometer at 77 or 298 K. ESI-MS experiments were performed using a Thermo FT or Bruker 
Maxis Q-TOF mass spectrometer with an electrospray ionization source. Elemental analyses were 
carried out by the Columbia Analytical Services Tucson Laboratory.  
 
Electrochemical Measurements. The electrochemical measurements were performed under a 
blanket of nitrogen. Analyzed solutions were deaerated by purging with nitrogen. Pt disk electrode 
(d = 1.6 mm) or glassy carbon disk electrode (d = 1.6 mm) were used as the working electrodes 
for cyclic voltammetry. The auxiliary electrode is Pt wire for cyclic voltammetry measurements. 
The non-aqueous Ag-wire reference electrode assembly was filled with 0.01M AgNO3/0.1M 
Bu4NClO4/MeCN solution. The nonaqueous reference electrode was calibrated against Cp2Fe 
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(Fc). Electrochemical grade Bu4NClO4 from Fluka was used as the supporting electrolytes. The 
working electrode for controlled potential electrolysis is Pt gauze (Aldrich, 25 mm x 10 mm) or 
reticulated vitreous carbon (BASi) and the auxiliary electrode is coiled Pt wire (d = 0.5 mm, 23 
cm) or Pt gauze (Aldrich, 25 mm x 10 mm).  
 
General Procedure for Controlled Potential Electrolysis. Electrochemical oxidations were 
performed in a two-compartment bulk electrolysis cell (BASi) separated by a fine-frit glass 
junction at room temperature.24 BASi Epsilon electrochemical work station or CHi 
electrochemistry work stations were used to provide controlled potential and conduct coulometry. 
Reticulated vitreous carbon working electrodes were used in the anodic compartment with a 
magnetic stirring bar. Platinum gauze (25mm x 10mm) was used as auxiliary electrode in the 
cathodic compartment. Non-aqueous reference Ag/0.01M AgNO3 electrode was used. The 
potential of electrolysis was set as 100 mV-200 mV more positive than the intended oxidation peak 
based on the cyclic voltammogram. Electrochemical grade Bu4NClO4 from Fluka was used as 
supporting electrolytes as 0.03 to 0.1M solution in an appropriate solvent. 
General Procedure for Reactivity Studies of [(L1)PdIIIMeCl](BF4). [(L1)PdIIIMeCl](BF4) was 
generated in situ in NMR tube. A solution of (L1)PdIIMeCl (2) was filled in NMR tube and NOBF4 
(1 equivalent) was injected to oxidize to [(L1)PdIIIMeCl](BF4). The NMR tubes were filled to the 
top with the resulting solutions so that no headspace was left to avoid the escape of volatiles into 
the headspace and sealed with rubber septa. A 1,4-dioxane standard was added to the resulting 
solutions with a microsyringe through a septum, the solutions were thoroughly mixed and analyzed 
by 1H NMR. Concentrations of the products are determined by NMR integration relative to the 
internal dioxane standard; % yields are calculated based on the initial concentration of 
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[(L1)PdIIMeCl] and are averages of 2-3 experiments. Yields of products are calculated as [moles 
of product]/[moles of 2+]*100%, thus the maximum possible yield of ethane from 2+ is 50%. Long 
delay time (150 s) was used to quantify the amount of products. The relaxation time of ethane and 
dioxane in CD3CN solution was determined earlier as 43.6 s and 17.8 s, respectively.
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X–ray Crystallography. Suitable crystals of appropriate dimensions were mounted in a Bruker 
Kappa Apex-II CCD X–Ray diffractometer equipped with an Oxford Cryostream LT device and 
a fine focus Mo K radiation X–Ray source ( = 0.71073 Å). Preliminary unit cell constants were 
determined with a set of 36 narrow frame scans. Typical data sets consist of combinations of  
and  scan frames with a typical scan width of 0.5 and a counting time of 15-30 seconds/frame at 
a crystal-to-detector distance of ~4.0 cm. The collected frames were integrated using an orientation 
matrix determined from the narrow frame scans. Apex II and SAINT software packages (Bruker 
Analytical X–Ray, Madison, WI, 2008) were used for data collection and data integration. Final 
cell constants were determined by global refinement of reflections from the complete data set. Data 
were corrected for systematic errors using SADABS (Bruker Analytical X–Ray, Madison, WI, 
2008). Structure solutions and refinement were carried out using the SHELXTL- PLUS software 
package (Sheldrick, G. M. (2008), Bruker-SHELXTL, Acta Cryst. A64,112–122). The structures 
were refined with full matrix least-squares refinement by minimizing w(Fo2–Fc2). All non-
hydrogen atoms were refined anisotropically to convergence. All H atoms were added in the 
calculated position and were refined using appropriate riding models (AFIX m3). Additional 
crystallographic details can be found in the Supporting Information.  
 
2.2.5 Computational Studies 
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The DFT calculations were performed using Gaussian0942 software package. The B3LYP 
functional was used with the basis set LANL2DZ. This combination of hybrid functional and basis 
sets has been previously shown to work well for reproducing experimental parameters for Pd 
complexes.43 Spin unrestricted geometry optimizations with a SCRF of acetonitrile were 
performed starting from the crystallographic data with counteranions excluded. The ground state 
wavefunction was investigated by analyzing the frontier MOs and the atomic contributions to these 
MOs was calculated using Chemissian.44  
 
2.3   Results and Discussion 
2.3.1 Synthesis and Characterization of L1-L4.  
Although the synthesis of ligand L1 and L2 have been reported before,45-47 we followed 
alternative routes for their synthesis. For L1, 1,4-di(p-toluenesulphonyl)-1,4,7-triazacyclononane 
and 2-picolyl chloride were reacted to give 1,4-ditosyl-7-pyridylmethyl-1,4,7-triazacyclononane, 
which upon detosylation yielded 1-pyridylmethyl-1,4,7-triazacyclononane. Methylation of the 
latter provides 1,4-dimethyl-7-pyridylmethyl-1,4,7-triazacyclononane (L1). For L2, (p-
toluenesulphonyl)-1,4,7-triazacyclononane and 2-picolyl chloride were reacted to give 1,4-
bis(pyridylmethyl)-7-(p-toluenesulphonyl)-1,4,7-triazacyclononane, which upon detosylation 
yielded 1,4-bis(pyridylmethyl)-1,4,7-triazacyclononane. Methylation provided 1,4-
bis(pyridylmethyl)-7-methyl-1,4,7-triazacyclononane (L2). For L3 and L4, standard protocols 
from reported procedures were followed,40, 41 although we used diethyl oxaglutarate instead of 
dimethyl oxaglutarate. All the compounds were characterized by 1H NMR, 13C NMR, and ESI-
MS. In L1 and L2, the pyridine groups are linked to tacn by methylene spacers unlike in L3 and 
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L4 where pyridine groups are directly attached to diazabiclononane, a feature which may affect 
the redox properties of corresponding Pd complexes.  
 
2.3.2 Syntheses and Characterization of PdII Complexes. 
The syntheses of PdII complexes were carried out in a straight forward manner using in a 
1:1 ratio Pd precursors and ligands, either in CH2Cl2 or Et2O. Elemental analysis confirms the 1:1 
stoichiometry in isolated metal complexes. Satisfactory elemental analysis could not be obtained 
for complex 4 due to its unstable nature. Chemical shifts in 1H NMR suggest formation of 
complexes. In the mass spectra of the complexes, [M‒Cl]+ signal was observed as a major peak 
for (L)PdCl2 complexes and [M‒Me]+ peak as the major one for (L)Pd(Me)Cl complexes. 
Synthesis of (L4)PdCl2 was carried out in a similar way as other complexes.     
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Table 2.1 Synthesis of PdIICl2 complexes with ligands L1-L3. 
 1 3 5 
Pd Precursor (PhCN)2PdIICl2 (COD)PdIICl2 (PhCN)2PdIICl2 
Ligand L1 L2 L3 
Solvent DCM DCM Ether 
Complex [(L1)PdII(Cl)]Cl [(L2)PdII(Cl)]Cl [(L3)PdII(Cl)]Cl 
Structure 
   
 
Table 2.2 Synthesis of PdII(Me)(Cl) complexes with ligands L1-L3. 
 2 4 6 
Pd Precursor (COD)PdII(Me)(Cl) (COD)PdII(Me)(Cl) (COD)PdII(Me)(Cl) 
Ligand L1 L2 L3 
Solvent Ether Ether Ether 
Complex (L1)PdII(Me)(Cl) (L2)PdII(Me)(Cl) (L3)PdII(Me)(Cl) 
Structure 
      
 
2.3.3 X–ray Structure of Pd Complexes.  
Single crystals of 1 were obtained by ether diffusion into a MeCN solution of the 
compound. Molecular structure of 1 is shown in Figure 2.2. The structural parameter suggests that 
PdII has a distorted square planar geometry with coordination from pyridyl N1, tacn amines N2 
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and N3, and one chloride Cl1. The Pd‒N bond lengths fall in the range of 2.013‒2.140 Å and Pd‒
C1 bond length is 2.317(7) Å, similar to the Pd‒N and Pd‒Cl bond length of other PdII square 
planar complexes. 48, 49 The third amine nitrogen of the tacn ring (N4) is situated at a distance of 
2.601(3) Å and seems to have a week interaction with PdII center. Single crystals of 2 were 
obtained by layering of ether on a MeCN solution of the compound. Geometry of PdII center is 
square planer with two trans-angles between Cl1‒Pd1‒N1 and C1‒Pd‒N2 being 177.66(3) and 
173.70(5), respectively (Figure 2.2). Pyridine nitrogen N1, tacn nitrogen N2, a methyl group and 
a chloride ion provides the square planer geometry. The coordination environment is different from 
1 as both the tacn amine nitrogen N3 and N4 do not coordinate to the Pd center. Interestingly, the 
orientation of uncoordinated nitrogen atom (N4) in 1 is oriented towards the Pd center but in 2, the 
uncoordinated nitrogen atoms (N3 and N4) are directed away from Pd center and no interaction 
between them is observed. 
 
 
Figure 2.2 ORTEP view of 1 and 2 with 50% probability ellipsoids. All hydrogen atoms, counter anions, 
and solvent molecules are omitted for clarity. Selective bond lengths: 1: Pd1‒N2 2.013(7); Pd1‒N1 
2.020(2); Pd1‒N3 2.065(3); Pd1‒N2 2.140(4); Pd1‒Cl1 2.317(7); Pd‒N4 2.601(30); Pd1…N4 2.601(3). 2: 
Pd1‒C1 2.034(1); Pd1‒N1 2.044(1); Pd1‒N2 2.220(2); Pd1‒Cl1 2.296(4).  
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The molecular structure of 5 is shown in Figure 2.3. Geometrical parameters suggest that 
the PdII atom has a distorted square planar geometry with coordination from three nitrogen atoms, 
Nl and N2 from two pyridine,  N3 from one of the two N-methyl groups of diazabicylononanone 
(dbn) and one chloride Cl(1). All the three Pd‒N bond lengths are very similar, Pd‒N(1), Pd‒N(2), 
Pd‒N(3) being 2.012(3), 2.012(3), 2.018(3) Å, respectively. The Pd‒N bond lengths are in the 
range of other PdII square planar complexes.34, 35 It is visible from the structure of 5 that pyridine 
rings are directly attached to dbn ring and thus Pd complex becomes quite rigid in geometrical 
arrangement. This property may limit the redox changes on Pd center which requires adjustment 
of bond lengths. Interestingly, the second nitrogen atom from N-methyl group is oriented at 
2.715(2) Å towards the Pd center and suggests a week interaction with PdII center. This pre-
organization of structure is very important while metal center undergoes a redox process along 
with the stretching of other M‒N bonds. While in 1, it is easier for either of other coordinated 
nitrogen atoms to come closer to Pd center, in 5, pyridine nitrogen atoms do not have flexibility to 
adjust the Pd‒N bond lengths.  
 
Figure 2.3 ORTEP view of 5 with 50% probability ellipsoids. All hydrogen atoms, counter anions, and 
solvent molecules are omitted for clarity. Selective bond lengths for 5: Pd1‒N1 2.012(3); Pd1‒N2 2.012(3); 
Pd1‒N3 2.018(3); Pd1‒Cl1 2.304(1); Pd1…N4 2.715(2).   
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2.3.4 Redox Properties.  
In order to investigate the redox properties of the PdII complexes 1−6, their cyclic 
voltammograms (CVs) were recorded. Complex 1 exhibits two overlapping reversible redox 
responses at E1/2 = 0.24 V (∆Ep = 60 mV) and E1/2 = 0.40 V (∆Ep = 80 mV) vs Fc+/Fc (Figure 2.4). 
The oxidative responses were assigned to PdIII/II redox couples in which ligand L1 is in different 
conformation/denticity. This assignment was supported by the fact that at higher scan rates, the 
two oxidative responses merged into one response. Interestingly, the PdIII/II redox potentials are 
quite high compared to (Me3tacn)PdCl2 complex
34 (PdIII/II and PdIV/III redox potential waves were 
at 0.05–0.17 V versus Fc+/Fc). Comparison of the structural properties of 1 and (Me3tacn)PdCl2 
suggest that there is a pyridine nitrogen coordinating to Pd center in 1 for one chloride. A back-
bonding from Pd t2g orbitals to the pyridine π* orbitals can be expected to stabilize PdII state.    
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Figure 2.4 CV of 1 in MeCN at different scan rates.  
 
CV of 2 is shown in Figure 2.5. There are two quasireversible redox responses at E1/2 = ˗0.01 V 
(∆Ep = 177 mV) and E1/2 = 0.53 V (∆Ep = 150 mV) vs Fc+/Fc. First response was assigned as PdIII/II 
and second response as PdIV/III redox couples. The nature of first response at slower scan rates is 
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irreversible but become more reversible at higher scan rates which suggest that oxidized PdIII 
species is very unstable and reactive.   
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Figure 2.5 CV of 2 in MeCN at different scan rates.  
 
Having an additional pyridylmethyl group in ligand L2 brings some changes in the redox 
properties of corresponding Pd complexes. CV of 3 exhibit oxidation peaks at E1/2 = 0.36 V (∆Ep 
= 170 mV) and another irreversible peak at 1.05 V. The former can be assigned to PdIII/II redox 
couple and the latter is likely due to PdIV/III redox process (Figure S1). For 4, the first irreversible 
oxidative response occurs at 0.18 V due to PdII to PdIII oxidation process and further irreversible 
peaks at 0.6 V and 0.8 V were observed (Figure S2). Unlike in 2, in 4 the irreversible nature of 
first oxidation remains irreversible even at higher scan rates and suggests that PdIII species are even 
more unstable. The PdIII/II redox potential is higher than then corresponding Pd complex with L1 
which was unexpected due to additional pyridylmethyl group on tacn ring in ligand L2.  CV for 
compound 5 shows first broad wave at Epa 0.63 V and second split waves at 0.92 and 1.01 V 
(Figure S3). The broad and split waves could be due to fast geometry exchange at Pd center. 
Similarly, for 6, first broad wave at Epa 0.39 V and second split waves at 1.05 and 1.25 V were 
observed (Figure S4). The nature of first response is irreversible in both the compounds 5 and 6 
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with ligand L3. Since, the oxidation potentials are not very high for PdIII species formation; the 
ligand-field from L3 is strong enough to stabilize PdIII. However, the nature of oxidative waves is 
broad and irreversible which suggest that geometry in compounds 5 and 6 are highly rigid. 
 
2.3.5 Chemical and Electrochemical Oxidation to Access the PdIII Oxidation 
State.  
Since the CV of all the complexes show a sign of PdIII species formation, we attempted to 
isolate and characterize such species. While carrying out one electron oxidation electrochemically, 
complex 1 shows a color change from light brown to deep purple and complex 2 shows a color 
change from yellowish to light pink. Electrochemical oxidation also suggests that both the PdIII 
species are very unstable at room temperature. In order to successfully isolate the PdIII species, we 
did the chemical oxidation at low temperature (-30 C). Upon addition of one equivalent of NOBF4 
to a solution of 1 at ‒30 C in MeCN, formation of a purple color species 1+ occurs which was 
precipitated out by the addition of diethylether as a purple solid. The purple species (1+) exhibits 
and absorption band at 530 nm (Figure 2.6) which can be assigned to LMCT bands. This purple 
color compound also shows EPR spectra (Figure 2.7) which was simulated with three g values, gx 
= 2.128, gy = 2.100 and gz = 2.003. Splitting of gz in six lines suggest that the Pd
III have 
superhyperfine coupling between the Naxial (I = 1, Azz = 38) and coordinated Cl
˗ (I = 3/2, Azz = 35). 
Similarly, we attempted to oxidize 2 to 2+ species. However, the PdIII species was too reactive to 
record UV-vis spectra, but a low temperature EPR spectrum could be recorded (Figure 2.7). The 
spectrum was simulated with three g values, gx = 2.211, gy = 2.055 and gz = 2.038.    
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Figure 2.6 Absorption spectra of 1 (1 mM in MeCN) before (PdII) and after oxidation to 1+ (PdIII). 
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Figure 2.7 (a) EPR spectra of a 1+ and (b) 2+ in frozen MeCN-butyronitrile (1:3) glass. Simulation 
parameters: 1+, gx = 2.128;  gy = 2.100; gz = 2.003; Azz = 38 (IN = 1)   and Azz = 35 (ICl = 3/2). 2+, gx = 2.211;  
gy = 2.055; gz = 2.038.  
  
Oxidized solution of complexes 3 and 4 show EPR spectra very similar to 1+ and 2+, respectively 
(Figure S5 and S6). Neither 5 nor 6 form PdIII by chemical oxidation. The irreversible nature and 
high oxidation potentials may not have allowed stabilization of PdIII species. The results suggest 
that rigid ligands are not the ideal for successful isolation and characterization of mononuclear 
PdIII complexes.  
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2.3.6 Reactivity of [(L1)PdIII(Me)Cl]+.  
Since 2+ is quite unstable, we were interested to find out the nature of products formed 
upon its decomposition. A NMR tube reaction was run and 2+ was generated in situ by injecting 
the oxidant NOBF4 to a solution of 2 and changes were monitored by 
1H NMR. Within 15 min of 
oxidant adding at room temperature, a mixture of MeCl, ethane and PdII products were formed. 
Having 1,4-dioxane as internal standard, the yield of MeCl and ethane was calculated as 25±2% 
and 15±1%, respectively. The chemical shift of the aromatic protons after adding oxidant suggests 
formation of [(L1)PdCl]+ (similar to 1) along with other Pd species which suggest a methyl group 
exchange. The mechanism of such transformations has been established previously.3, 24 Formation 
of any methyl radical was ruled out by running a NMR tube reaction in presence of radical trap 
TEMPO as no TEMPO-Me was detected. Alternatively, disproportionation of [(L1)PdIII(Me)Cl]+ 
and methyl group transfer must be taking place to form [(L1)PdIV(Me)2Cl]
+ and [(L1)PdIICl]+. 
Reductive elimination and/or nucleophilic displacement then can take place to form ethane and 
MeCl products (Scheme 2.1). Addition of tetraethylammonium bromide (Et4NBr) as external 
source of bromide in the reaction showed the formation of MeBr which supports the involvement 
of nucleophilic displacement in these transformations. The largest difference observed in reactivity 
is in the formation of chloromethane which varies between 23-70%. The large increase is observed 
when external Cl- is added to the reaction mixture. This indicates that coordination of the Cl- can 
induce reductive elimination to form the C-Cl bond. We do not see a decrease in the formation of 
ethane so methyl groups can still transfer in the presence of excess Cl- however, the coordination 
of a new X- group must do something the induce C-Cl reductive elimination since we even see an 
increase whenever Br- is added to the reaction mixture.   
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Scheme 2.1 Reactivity of 2+ to form C−C and C−Cl bonds. Reactions took place at room temperature over 
15 minutes in MeCN. aNo TEMPO-Me was observed in the reaction.  
 
 
2.3.7 DFT Calculations of PdIII Complexes.  
In order to better understand the EPR and reactivity properties of 1+ and 2+, potential 
geometries of their PdIII complexes were optimized by DFT calculations. The calculations 
preformed were done using Guassian09 with b3lyp functional and lanl2dz basis set. The optimized 
geometry for 1+ is shown in Figure 2.8 along with the spin density plot. For 1+, the initial geometry 
for the optimization was taken from the X-ray crystal data of corresponding PdII complex. The 
optimized geometry exhibit a distortion resulting in an elongation of the Pd-Cl2 and Pd-N4 bonds, 
which could be expected for a d7 low-spin octahedral complex with a dz2 HOMO, similar to what 
would be expected for a Jahn-Teller distortion. Based on the spin density plot for 1+, there is a 57 
% contribution from the Pd atom, and from Figure 2.8, it is clear this comes from the dz2 orbital. 
Additionally, from EPR data, (see above), a Cl‒ anion is likely coordinated in an axial position. 
This agrees with the structure obtained from the geometry optimization. From the TDDFT 
calculations, a UV-Vis spectrum was simulated to compare to experimental data. The major 
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characteristics observed in the experimental UV-Vis were observed for the simulated spectra 
which improved our confidence in the optimized geometry for 1+.  
 
Figure 2.8 Optimized geometry of 1+  (left). Selective bond lengths: Pd-N(1) 2.06156, Pd-N(2) 2.12174, 
Pd-N(3) 2.10566, Pd-Cl(1) 2.47285, Pd-Cl(2) 2.68348. The spin density plot (right) corresponds to a 57% 
spin contribution from Pd. 
  
For 2+, there were several potential geometries which included square pyramidal (2A) and 
octahedral (2B and 2C) (Figure 2.9). All three optimized structures exhibited distortions from their 
ideal geometries. For 2A and 2B, an elongation of the axial palladium bonds was observed but for 
2C, there was a slight elongation of the four equatorial bonds. When the initial geometry for the 
optimization was adapted from X-ray structure of 2, simulation produces the square pyramidal 
complex 2A. This was expected since there is no way the two uncoordinated nitrogen in the tacn 
ring could coordinate to both axial positions of the Pd. For the 2+ to adopt an octahedral geometry 
as shown in 2B or 2C, a rearrangement of the ligand must occur. If the chloride, methyl, or pyridine 
were able to move and occupy an axial position, this would free one of the positions for the second 
uncoordinated nitrogen in the tacn ring, resulting in an octahedral geometry. The complex 2B 
would result from the Cl‒ moving to an axial position and 2C would result from the pyridine 
shifting to an axial position. From the frequency calculations, the octahedral geometries 2B and 
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2C had lower free energies than the square pyramidal 2A, by ~26 Kcal/mol. Out of the two 
octahedral complexes; 2C had a slightly lower free energy by ~1 kcal/mol than 2B.  
 
 
Figure 2.9 Optimized geometries of three different geometries for 2+: (a) 2A; (b) 2B; (c) 2C; Selective 
bond lengths for 2A: Pd-N(1) 2.232, Pd-N(2) 2.227, Pd-N(3) 2.389, Pd-Cl 2.446, Pd-Me 2.066; 2B: Pd-
N(1) 2.143, Pd-N(2) 2.195, Pd-N(3) 2.204, Pd-N(4) 2.365, Pd-Cl 2.680, Pd-Me 2.066; 2C: Pd-N(1) 2.622, 
Pd-N(2) 2.275, Pd-N(3) 2.208, Pd-N(4) 2.291, Pd-Cl 2.680, Pd-Me 2.007. The spin density plot shown for 
2A (top right) corresponds to a 67% spin contribution from Pd. 
 
Although, based on the energy considerations, octahedral structures 2B and 2C may be 
obvious choice for the preferred PdIII geometry of 2+, these are not supported by crystal structure 
of PdII complex, EPR data, and indirectly by reactivity of this species. If we carefully examine the 
bond length obtained for these optimized complexes, the axial bond length are in the range of other 
mononuclear PdIII complexes and a super-hyperfine coupling may be expected in EPR.24, 34 EPR 
suggests that there is no axial coupling from Cl‒ and therefore 2B can be discarded for that reason. 
Since the 2+ is highly unstable, it suggests that a five coordinate geometry cannot be ruled out and 
2A may be the actual geometry of 2+. The geometry 2A also leaves open a coordination site which 
would be used to coordinate an additional ligand as was proposed in our reactivity studies above.  
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2.4   Conclusion 
In summary, we have presented the synthesis and characterization of new Pd complexes 
with multidentate ligands L1-L4. While L1 and L2 represent the very flexible tacn-based ligand 
systems, L3 and L4 are rigid ligand systems. The electrochemical properties of PdII complexes 
were explored which suggest that complexes 1-4 are easier to oxidize to the PdIII oxidation state 
compared to complexes 5 and 6. Chemical oxidation of 1 forms a PdIII complex (1+) which is stable 
in solution and solid state below -20 C and could be characterized by EPR and UV-vis 
spectroscopy. EPR of 1+ and 3+ is very interesting and shows super-hyperfine coupling with axial 
Cl‒ and nitrogen atom. The formulation was supported by DFT optimized structure of 1+. 
Similarly, oxidation of 2 leads to very unstable PdIII complex (2+) which produces ethane and MeCl 
as products. Formation of MeBr was observed when external source of Br‒ was present, which 
suggest that a nucleophilic displacement is taking place. Overall, these studies further strengthen 
the importance of choice of ligands in order to successful isolate and characterize PdIII species.  
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Chapter 3 
 
Synthesis and Characterization of 1,4,7-Trimethyl-
1,4,7-Triazacyclononane Supported Organometallic 
Ni(II), Ni(III), & Ni(IV) Complexes  
 
Reprinted (adapted) with permission from (M. B. Watson, N. P. Rath and L. M. Mirica, Journal 
of the American Chemical Society, 2017 139(1), 35-38, DOI: 10.1021/jacs.6b10303). Copyright 
(2017) American Chemical Society 
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3.1   Introduction 
Nickel-based catalysts are commonly employed in a wide range of C-C and C-heteroatom 
bond formation reactions.1 While traditionally these processes have been considered to involve 
Ni0, NiI, and NiII intermediates,2, 3 many  studies proposed high-valent NiIII species as key 
intermediates in the C-C/C-heteroatom bond formation step.4-14 Moreover, NiIV  species have also 
emerged as potential intermediates involved in catalytic reactions.10, 15-17 However, the number of 
organometallic NiIII 18-35 and NiIV 36-43 complexes isolated to date is limited, which hinders detailed 
reactivity studies to probe their involvement in catalysis. 
We have recently reported the use of the ligand 1,4,7-trimethyl-1,4,7-triazacyclononane 
(Me3tacn) to stabilize high-valent organometallic Pd complexes.
44-46 In addition, the C-donor 
cyclic ligand -CH2CMe2-o-C6H4- (cycloneophyl) has been employed starting more than two 
decades ago by Carmona et al.47-49 to stabilize organometallic Ni complexes, since the 
corresponding Ni(cycloneophyl) species exhibit limited reductive elimination and β-hydride 
elimination reactivity. Recently, Sanford et al. have elegantly employed the cycloneophyl ligand 
to isolate novel NiIV complexes and investigate their C-heteroatom bond formation reactivity.41 
Herein, we report the synthesis and characterization of NiII, NiIII, and NiIV complexes supported 
by Me3tacn and containing the cycloneophyl ligand. To the best of our knowledge, these are the 
first organometallic Ni complexes supported by a 1,4,7-triazacyclononane-derived ligand.  
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3.2   Experimental Section 
3.2.1 Synthesis of Nickel Complexes 
Reagents and Materials.  All experiments were carried out under a nitrogen atmosphere using 
standard glove box and/or Schlenk techniques. Reagents for which the synthesis is not given were 
commercially available from Sigma Aldrich, Acros, or STREM, and were used without further 
purification. Solvents used were purified prior to use by passing through a column of activated 
alumina using an MBRAUN solvent purification system. N,N’,N’’-trimethyl-1,4,7-
triazacyclononane was donated by Prof T. Daniel P. Stack (Stanford University). The precursor 
(py)2Ni(CH2CMe2-o-C6H4)
50 and the ferrocenium salts51 were synthesized as previously reported. 
 
Synthesis of (Me3tacn)NiII(CH2CMe2-o-C6H4), 1.   One component (30.3 mg, 85.9 µmol) of the 
precursor (py)2Ni(CH2CMe2-o-C6H4) was suspended in 12 mL of pentane inside a glove box. 
Three equivalents (43.6 mg, 260 µmol) of 1,4,7-trimethyl-1,4,7-triazacyclononane, Me3tacn, were 
added to the stirred solution. The solution was stirred overnight and resulted in a yellow 
suspension. Solvent was removed under reduced pressure. The powder triturated in pentane and 
solvent removed under vacuum. Yield: 62.5 %. 1H NMR (C6D6, 300 MHz)(ppm): 7.26-7.20 (m, 
1H, Ar-CH), 7.14-7.06 (m, 3H, Ar-CH)  2.18 (s, 12H, 6CH2), 2.10 (s, 6H, CMe2), 1.91 (s, 9H, 
3NCH3), 1.89 (s, 2H, CH2). Elemental analysis could not be obtained due to the facile oxidation 
of 1. 
 
Synthesis of [(Me3tacn)NiIII(CH2CMe2-o-C6H4)]PF6, [2]PF6.  (Me3tacn)Ni
II(CH2CMe2-o-C6H4) 
(33.4 mg, 91.2 µmol) was dissolved in 5 mL of THF. One mL of an 86.1 µM ferrocenium 
hexafluorphosphate solution in THF was added at room temperature and the solution was stirred 
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for 1 h. An orange precipitate formed that was filtered off, washed with diethyl ether, and dried 
under reduced pressure. X-ray quality crystals were obtained from slow diffusion of diethyl ether 
into an acetonitrile solution at -35 ˚C (yield: 87.8 %). Evans method (CD3CN): µeff = 1.81 µb. 
Elemental analysis: found C 45.01, H 6.54, N 8.39 %; calculated C19H33F6N3NiP, C 45.00, H 6.56, 
N 8.29 %. A similar synthetic procedure was employed with ferrocenium tetrafluoroborate as the 
oxidant to synthesize [2]BF3. 
 
Synthesis of [(Me3tacn)NiIV(CH2CMe2-o-C6H4)](BF4)2, [3](BF4)2. [(Me3tacn)Ni
III(CH2CMe2-o-
C6H4)]BF4 (17.9 mg, 40.0 µmol) was dissolved in 2 mL MeCN and cooled to -30 ˚C. One 
equivalent of acetylferrocenium tetrafluoroborate (AcFcBF4, 11.0 mg, 40.3 µmol) was dissolved in 
1 mL of acetonitrile and added to the cooled solution. The reaction was stirred for 1 hour at -30 ˚C 
and then the product was precipitated with 10 mL of diethyl ether. The red precipitate was filtered, 
washed with diethyl ether, and dried under vacuum (yield: 70.0 %). 1H NMR (CD3CN, 300 
MHz)(ppm): 7.32-6.99 (m, 4H, H-Ar), 5.59 (d, 2H, NiCH2) 3.38 (s, 3H, NCH3), 3.18 (s, 3H, 
NCH3), 2.98 (s, 3H, NCH3), 3.38-3.02 (m, 12H, CH2), 1.46 (d, 6H, C(CH3)2). Elemental analysis: 
found C 42.55, H 6.30, N 8.55 %; calculated C19H33B2F8N3Ni, C 42.59, H 6.29, N 7.84 %. 
 
3.2.2 Physical Measurements 
Varian Unity Inova 500 MHz and Varian Mercury 300 MHz instruments were used to 
collect NMR data. Chemical shifts are reported in ppm with the residual solvent peak as the 
reference. Abbreviations for NMR multiplicity are s (singlet), d (doublet), t (triplet), and m 
(multiplet). UV-visible spectra were recorded on a Varian Cary 50 Bio spectrophotometer. EPR 
spectra were recorded using a JEOL JES-FA X-band (9.2 GHz) EPR spectrometer at 77 K. GC-
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MS data was collected using a HP 6890 Series GC System and an HP 5973 Mass Selective 
Detector. Elemental analysis was carried out by Intertek Pharmaceutical Services. Cyclic 
voltammetry (CV) was performed using a BASi EC Epsilon electrochemical workstation or a CHI 
Electrochemical Analyzer 660D. Measurements were taken in a glove box under nitrogen.  Glassy 
carbon disk electrode (d = 1.6 mm) was used as the working electrode for cyclic voltammetry and 
the auxiliary electrode was a platinum wire. A Ag wire was used as the reference electrode. The 
reference was calibrated against ferrocene after each experiment. Magnetic moments were 
calculated using the Evan’s method for a known concentration of the metal complex, with a sealed 
capillary containing the NMR solvent.52 
Suitable crystals of appropriate dimensions were mounted on Mitegen loops in random 
orientations. Preliminary examination and data collection were performed using a Bruker Kappa 
Apex-II Charge Coupled Device (CCD) Detector system single crystal X-Ray diffractometer 
equipped with an Oxford Cryostream LT device. Data were collected using graphite 
monochromated Mo K radiation (= 0.71073 Å) from a fine focus sealed tube X-Ray source. 
Preliminary unit cell constants were determined with a set of 36 narrow frame scans. Typical data 
sets consist of combinations of  and  scan frames with typical scan width of 0.5 and counting 
time of 15-30 seconds/frame at a crystal to detector distance of ~3.5 to 4.0 cm. The collected 
frames were integrated using an orientation matrix determined from the narrow frame scans. Apex 
II and SAINT software packages (Bruker Analytical X-Ray, Madison, WI, 2008) were used for 
data collection and data integration. Analysis of the integrated data did not show any decay. Final 
cell constants were determined by global refinement of reflections from the complete data set. Data 
were corrected for systematic errors using SADABS based on the Laue symmetry using equivalent 
reflections.53 Structure solutions and refinement were carried out using the SHELXTL- PLUS 
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software package.54 The structures were refined with full matrix least-squares refinement by 
minimizing w(Fo2–Fc2). All non-hydrogen atoms were refined anisotropically to convergence. 
The complete listings of X-ray diffraction parameters are included in Appendix B. 
 
3.2.3 Computational Studies 
The DFT calculations were performed using Gaussian0955 software package. The B3LYP 
functional was used with the basis set 6-31G* for all non-nickel atoms and using the m6-31G* 
basis set for the nickel atom. This combination of hybrid functional and basis sets has been 
previously shown to work well for reproducing experimental parameters for Ni complexes.27, 56 
Spin unrestricted geometry optimizations with a SCRF of acetonitrile were performed on 2+ 
starting from the crystallographic data with counteranions excluded. The ground state 
wavefunction was investigated by analyzing the frontier MOs and the atomic contributions to these 
MOs was calculated using Chemissian.57  
 
3.3   Results and Discussion 
3.3.1 Synthesis and Characterization of (Me3tacn)NiII(CH2CMe2-o-C6H4), 1 
The yellow NiII complex (Me3tacn)Ni
II(CH2CMe2-o-C6H4), 1, was synthesized through 
ligand exchange of (py)2Ni
II(CH2CMe2-o-C6H4)
50 with Me3tacn in pentane (Scheme 3.1). The 
single crystal X-ray structure of 1 reveals a square planar geometry around the NiII center with 
Me3tacn acting as a bidentate ligand. Moreover, 1 is diamagnetic and its 
1H NMR spectrum reveals 
only one singlet corresponding to the N-Me groups, suggesting a rapid exchange between the 
unbound and bound N-donor atoms, as seen before for analogous (Me3tacn)Pd
II complexes.44-46 
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Scheme 3.1 Synthesis of (Me3tacn)NiII(CH2CMe2-o-C6H4), 1 and X-ray crystal structure. ORTEP 
representation (50% probability thermal ellipsoids with distances in Å and angles in °.) of 1, Ni1-C1 
1.904(3); Ni1-C2 1.930(3); Ni1-N1 2.059(3); Ni1-N2 2.069(2); C1-Ni1-N1 178.0(2); C2-Ni1-N2 175.1(1). 
     
 
The cyclic voltammogram (CV) of 1 in 0.1 M (nBu4N)PF6/MeCN shows a 
pseudoreversible redox event at E1/2 = - 1358 mV vs ferrocene (Fc), followed by a smaller 
oxidation wave at  -530 mV and a reversible oxidation at E1/2 = - 361 mV (Figure 3.1). Since the 
presence of two anionic carbon ligands is expected to stabilize high-valent Ni centers, the observed 
reversible oxidations are tentatively assigned to the NiIII/II and NiIV/III redox couples, respectively. 
The oxidation wave at -530 mV is proposed to correspond to the conformation of 1 in which the 
Me3tacn ligand adopts a κ2 binding mode, and in line with a similar oxidation potential observed 
by Sanford et al. for the (bpy)NiII(cycloneophyl) complex supported by a bidentate ligand.41  As 
such, the reversible NiIII/II redox couple observed at -1358 mV likely corresponds to the 
conformation of 1 with Me3tacn in a κ3 binding mode. Changing the solvent from MeCN to THF 
results in a very different CV. The NiIII/IV oxidation peak is much higher and completely 
irreversible due to the lack of the MeCN is necessary to stabilize the NiIV. The slight reversibility 
that appears after the addition of 10% MeCN helps to confirm this. Additionally, the peak at -571 
mV grows in with the addition of MeCN and a reduction in intensity of the peak at -1355 mV 
indicates that this also corresponds to a NiII/III transition as stated above. Acetonitrile can have 
50 
 
some effect on 1 potentially by coordinating to the Ni center and changing the conformation of the 
Me3tacn ligand resulting in the observed changes in its electrochemistry.  
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Figure 3.1 CV of 1 in 0.1 M nBu4NPF6/MeCN (scan rate = 100 mV/s) (left). CVs of 1 in 0.1 M 
nBu4NPF6/THF, before and after addition of 10% v:v MeCN (scan rate = 100 mV/s). Note: the addition of 
MeCN leads to an appreciable change in the redox event corresponding to the NiIV/III redox couple (right).  
 
 
3.3.2 Synthesis and Characterization of [(Me3tacn)NiIII(CH2CMe2-o-C6H4)]+, 2+ 
The NiII complex 1 can be readily oxidized with ferrocenium hexafluorophosphate (FcPF6) 
to yield the orange product [(Me3tacn)Ni
III(CH2CMe2-o-C6H4)]PF6, [2]PF6 (Scheme 3.2). The X-
ray structure of [2]PF6 shows a five-coordinate NiIII center in a  square pyramidal geometry (Figure 
3.1), as supported by the calculated trigonality index parameter  τ = 0.13.58 Interestingly, the Ni-N 
and Ni-C bond lenghts in 2+ are longer than those in 1, which may be due to an increased steric 
hindrance at the Ni center of 2+, and a likely decrease in orbital overlap upon moving the C/N 
donor atoms out of the equatorial plane.  
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Scheme 3.2 Synthesis of [(Me3tacn)NiIII(CH2CMe2-o-C6H4)]PF6, 2[PF6] and X-ray crystal structure. 
ORTEP representation (50% probability thermal ellipsoids) of 2+, Ni1-C1 1.976(1); Ni1-C2 1.965(1); Ni1-
N1 2.100(1); Ni1-N2 2.100(1); Ni1-N3 2.083(1); C1-Ni1-N1 173.70(3); C2-Ni1-N2 165.33(3).  
 
    
 
The five-coordinate geometry is maintained in MeCN, since the EPR spectrum of 2+ in 1:3 
MeCN:PrCN reveals a rhombic signal with super-hyperfine coupling to only one nitrogen atom in 
the gz direction, suggesting that the nitrile solvent does not coordinate to the Ni
III center (Figure 
3.2). This agreed with calculations that point towards a dz
2 (Figure 3.2, inset) ground state where 
we would only observe coupling to the axial nitrogen. This was initially surprising to us becuase 
typically NiIII complexes we have studied previously prefer an octahedral geometry, and since 
there was MeCN avaliable as an additional ligand, we assumed it would bind. But based on the 
EPR this is not the case. There are two reasons that the MeCN would not coordinate to the NiIII 
center, the first being no more electron density is required to stabilize 2+ and would only serve to 
cause more steric interactions with the Me3tacn and cycloneophyl ligands. The other reason is that 
the steric interactions from the other two ligands distorts the complex and ends up blocking the 
site where the MeCN would coordinate (Figure 3.3). Whatever the cause may be, the results are a 
5-coordinate stable NiIII complex with a distorted square pyramidal geometry.  
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Figure 3.2 Experimental (1:3 MeCN:PrCN, 77 K) and simulated EPR spectra of 2+. The following 
parameters were used for the simulation: gx = 2.311, gy = 2.263, gz = 2.102 (A1N = 17.5 G). Inset: DFT-
calculated spin density for 2+, shown as a 0.05 isodensity contour plot. 
 
           
Figure 3.3 Space filling model of 2+ as viewed from the bottom along the axial axis.  
 
The EPR spectrum also suggests the presence of a NiIII d7 center with a dz
2 ground state, which is 
supported by the DFT-calculated spin density for 2+ (Figure 3.2, inset). Finally, 2+ is stable at RT 
for weeks as a solid and for several days in MeCN, which is surprising for a five-coordinate 
organometallic NiIII complex that is usually expected to undergo rapid reductive elimination.4-14 
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3.3.3 Synthesis and Characterization of [(Me3tacn)NiIV(CH2CMe2-o-
C6H4)(MeCN)]2+, 32+ 
Oxidation of the NiIII complex [2]BF4 with acetylferrocenium tetrafluoroborate (AcFcBF4) 
at -30 °C in MeCN generates a red, diamagnetic product (Scheme 3.3). The BF4 counterion was 
substituted for the PF6 to aid in the recrystallization of the Ni
IV species. If recrystallization was 
attempted with other counterions present, only non-diffracting solid was obtained. Structural 
characterization confirms the formation of [(Me3tacn)Ni
IV(CH2CMe2-o-C6H4)(MeCN)](BF4)2, 
[3](BF4)2, in which the NiIV center adopts an octahedral geometry with an MeCN molecule as the 
sixth ligand. Surprisingly, the Ni-C bonds lengths in 32+ are longer than those in both 2+ and 1, 
likely due to an increased steric hindrance, while the axial Ni-Namine bond length is shorter than 
that in 2+, due to the preference of a NiIV d6  center to adopt an octahedral geometry. While 32+ is 
the first dicationic NiIV complex isolated to date and it would be expected to be highly 
electrophilic,41 its uncommon stability is likely due to its coordinatively saturated nature. This 
causes the complex to be stable in MeCN for 2 hours at room temerature before any decomposition 
is observed. 
 
Scheme 3.3 Synthesis of [(Me3tacn)NiIV(CH2CMe2-o-C6H4)(MeCN)]2+, 32+ and X-ray crystal structure. 
ORTEP representation (30% probability thermal ellipsoids) of 32+, Ni1-C1 2.032(8); Ni1-C2 1.973(8); Ni1-
N1 2.094(6); Ni1-N2 2.098(6); Ni1-N3 1.977(6); Ni1-N4 1.858(7); C1-Ni1-N1 175.0(3); C2-Ni1-N2 
172.4(3). 
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 NMR analysis suggests the formation of a NiIV species (Figures 3.4), as exemplified in 1H 
NMR by the downfield shift to 5.5 ppm of the peak corresponding to NiIV-CH2- protons vs. the 
2.1 ppm value observed for 1. The assignment of the 1H NMR was confirmed by various 2D 
techniques including COSY, HSQC, and HMBC. These spectra along with the 13C NMR can be 
seen in Appendix A. 
 
 
Label 1H Shift (ppm) 
A 5.529, 5.522 
B 1.480, 1.394 
C 6.992 
D 7.106 
E 7.217 
F 7.317 
G 3.150, 2.959, 2.022 
H 3.400-2.960 
 
 
Figure 3.4 1H NMR spectrum and chemical shifts of 32+ in CD3CN (500 MHz at -15 °C). 
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 A UV-vis spectrum was obtained for 32+ in MeCN at room temperature. The primary 
absorbtion was at 373 nm with an molar absorptivity of 2550 M-1cm-1. Based off of this molar 
absorptivity, we expect this transition to involve a ligand to metal charge transfer, LMCT. Since 
we believe a LMCT may be involved, we further investigated the transitions using DFT 
calculations (vide infra). 
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Figure 3.5 UV-vis spectrum of 32+ in MeCN at room temperature. 
 
3.3.4   DFT Calculations  
 To better understand the high valent Ni complexes 2+ and 32+ DFT calculations were 
performed. First geometry optimizations were performed starting from the X-ray crystal structure 
of each, excluding counterions. For complex 2+ this gave us the spin density of the complex which 
is shown in Figure 3.6. Almost all of the spin density is located on the NiIII center, and from the 
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spin density plot, that spin is located mostly in the dz2 orbital. This agrees with what was observed 
in the EPR for 2+ where the electron was observed coupling with one axial nitrogen.  
 
Figure 3.6 DFT calculated Mulliken spin density of 2+ (shown with 0.005 isodensity contour plot). From 
Mulliken atomic spin densities, all spin is located on the Ni Center. 
 
After having the two solvated optimized geometries in hand, TD-DFT calculations were 
run which allowed for the simulation of the UV-Vis spectra. This showed good agreement with 
the experimental data (Figure 3.7) which gave us more confidence to look closer to the transitions 
that are involved. Both spectra have their most intense features between approximately 350-500 
nm, therefore this was the region of transitions that we focused on from the TD-DFT data. Tables 
3.1 and 3.2 represent the major contributors to each feature that was observed. Both complexes 2+ 
and 32+ have many transitions that involve the orbitals between HOMO-3 and LUMO+1. Looking 
at these MO’s from the optimized structures tells us that the all of the occupied orbitals are more 
ligand based and the excited state orbitals are more metal based. This can be seen in tables 3.3 and 
3.4 where the LUMO and L+1 orbitals have much higher contributions to their MO’s from the Ni 
atom and the HOMO-n MO’s have much lower contributions from the Ni. This supports that the 
transitions observed in the UV-Vis spectra at these wavelengths are due to LMCT.  
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Figure 3.7 TD-DFT calculated (red) and experimental (black) UV-vis spectrum of 2+ (left) and  32+ 
(right). 
 
Table 3.1 Primary electronic transitions from TD-DFT calculation for 2+.  
Wavelength (nm) Osc. Strength Major contributing transitions (>10%) 
467.6 0.0031 H-2(B)->LUMO(B) (31%), HOMO(B)->LUMO(B) (23%) 
451.1 0.0038 H-1(A)->LUMO(A) (24%), H-2(B)->L+1(B) (21%) 
395.5 0.0050 H-1(A)->LUMO(A) (13%), HOMO(A)->LUMO(A) (34%) 
383.9 0.0017 HOMO(A)->LUMO(A) (29%), H-7(B)->L+1(B) (12%) 
 
Table 3.2 Primary electronic transitions from TD-DFT calculation for 32+.  
Wavelength (nm) Osc. Strength Major contributing transitions (>10%) 
502.0 0.0023 H-1->LUMO (22%), HOMO->LUMO (58%) 
440.4 0.0025 H-1->LUMO (48%), HOMO->LUMO (30%) 
416.9 0.0078 H-2->LUMO (60%) 
389.5 0.0025 HOMO->L+1 (68%) 
377.0 0.0316 H-3->LUMO (60%) 
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Table 3.3 Atomic contributions of selected molecular orbitals and their energies for 2+. Only atoms 
interacting with Ni are show and percentages under 5% are omitted.  
MO # 
Energy 
(eV) MOs (0.05 isocontour value) 
Ni 
% 
C(38) 
sp2 % 
C(35) 
sp3 % 
N(2) 
% 
N(4) 
% 
N(3) 
% 
HOMO-3  -6.842 
 
 
 
 
 
 
 24 25 0 0 17 0 
HOMO-2 -6.723 
 
 
 
 
  
 
 24 0 27 18 0 0 
HOMO-1 -6.474 
 
 
 
 
 
 
 0 6 0 0 0 0 
HOMO -6.135 
 
 
 
 
 
 
 
 11 19 0 0 0 0 
LUMO -1.924 
 
 
 
 
 
  
 83 0 0 0 0 8 
LUMO+1 -0.863 
 
 
 
 
 
 
 48 13 21 0 0 0 
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Table 3.4 Atomic contributions to selected molecular orbitals and their energies for 3. Only atoms 
interacting with Ni are show and percentages under 5% are omitted.  
MO # 
Energy 
(eV) MOs (0.05 isocontour value) 
Ni 
% 
C(5) 
sp2 % 
C(3) 
sp3 % 
N(2) 
% 
N(4) 
% 
N(6) 
% 
HOMO-3  -7.536 
 
 
 
 
 
 
 
 13 17 0 33 0 0 
HOMO-2 -7.336 
 
 
 
 
 
 
  
 12 0 19 0 37 0 
HOMO-1 -6.955 
 
 
 
 
 
 
 
 0 19 0 0 0 0 
HOMO -6.708 
 
 
 
 
 
 
 
  0 12 0 0 0 0 
LUMO -3.155 
 
 
 
 
 
 
  
 49 9 9 0 0 12 
LUMO+1 -2.574 
 
 
 
 
 
 
 
 
 34 16 28 0 0 0 
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3.4   Conclusion 
In conclusion, reported herein are the first organometallic Ni complexes supported by a 
triazacyclononane-derived ligand. Moreover, use of the alkyl/aryl C-donor cycloneophyl ligand 
allowed the isolation of uncommon organometallic NiII, NiIII, and NiIV complexes. The five-
coordinate NiIII complex is suprisingly stable both in solution and the solid state. The NiIV compex 
was stable for up to two hours in solution at roomtemperature which was also longer than expected. 
The structures of these two high valent Ni complexes were confirmed via NMR, EPR, and X-ray 
crystallography. DFT calculations were also preformed to gain a better understanding as to the 
transitions that are occuring in the complexes and it supports a LMCT. Overall, 1, 2+, and 32+ 
establish an uncommon series of isolable, organometallic NiII, NiIII, and NiIV complexes that can 
be used to compare the reactivity of these Ni oxidation states in organometallic reactions.  
 
Scheme 3.4 Synthesis of (Me3tacn)Ni(CH2CMe2-o-C6H4) Complexes. 
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Chapter 4 
 
Reactivity of 1,4,7-Trimethyl-1,4,7-Triazacyclononane 
Supported Organometallic Ni(II), Ni(III), & Ni(IV) 
Complexes  
 
  
66 
 
4.1 Introduction 
Nickel based catalysts have been used in a variety of C-C and C-herteroatom bond 
formation reactions.1 Typically these reactions have been shown to involve Ni0, NiI, NiII, and NiIII 
intermediates. 2-14 More recently, NiIV species have been shown as potential intermediates involved 
in catalytic transformations. 10, 15-17 Even though these organometallic NiIII and NiIV species have 
been shown to exist and potentially take part in catalysis, there are a limited examples  and even 
less when wanting to directly compare NiIII and NiIV. 15-40 
A series of NiII, NiIII, and NiIV complexes supported by 1,4,7-trimethyl-1,4,7-
triazacyclononane and cycloneophyl ligands has been synthesized and fully characterized (Ch. 3). 
The C-C and C-X bond formation of the NiII complex was studied via oxidation with organic 
halides and aerobic oxidation. The high valent NiIII and NiIV complexes C-C bond formation 
reactivity was studied via photolysis, thermolysis, and nucleophilic addition. While the isolated 
five-coordinate NiIII complex is uncommonly stable and exhibits limited C-C bond formation 
reactivity, the six-coordinate NiIV complex generates quantitatively the cyclic C-C product upon 
illumination with blue LEDs, which is relevant to the recently reported dual Ni/photoredox 
catalytic systems proposed to involve high-valent organometallic Ni intermediates.41-44 In addition, 
(Me3tacn)Ni
II(cycloneophyl) undergoes oxidative addition with organic halides, as well as rapid 
oxidation by O2, to generate detectable Ni
III and NiIV intermediates followed by reductive 
elimination to form new C-C bonds. Overall, these studies set the stage for detailed investigations 
of the reactivity of high-valent organometallic Ni complexes relevant to Ni-catalyzed reactions. 
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Scheme 4.1 Synthesis of (Me3tacn)Ni(CH2CMe2-o-C6H4) Complexes. 
 
 
4.2   Experimental Section 
Reagents and Materials.  All experiments were carried out under a nitrogen atmosphere using 
standard glove box and/or Schlenk techniques. Reagents for which the synthesis is not given were 
commercially available from Sigma Aldrich, Acros, or STREM, and were used without further 
purification. Solvents used were purified prior to use by passing through a column of activated 
alumina using an MBRAUN solvent purification system. N,N’,N’’-trimethyl-1,4,7-
triazacyclononane was donated by Prof T. Daniel P. Stack (Stanford University). The precursor 
(py)2Ni(CH2CMe2-o-C6H4)
45 and the ferrocenium salts46 were synthesized as previously reported. 
 
4.2.1 Reactivity of 1 with Organic Halides.   
An NMR tube was charged with 1 (13 µmol), trimethoxybenzene as an internal standard, and 
CD3CN. One equivalent of the corresponding organic halide (13.8 µmol) was then added to the 
tube and the reaction was monitored by 1H NMR over several hours at RT. Then the reaction was 
quenched with a HClO4 solution and the mixture was heated for 1 hour at 80 °C with stirring. The 
solution was neutralized with Na2CO3 and the organic products were extracted into diethyl ether, 
dried over MgSO4, and analyzed by GC-MS. For the reactions involving MeI, the product identity 
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was confirmed by using iodomethane-13C and iodomethane-d3 and observing the expected shifts 
in the m/z values and isotopic patterns of the products.  
 
4.2.2 Aerobic Oxidation Studies of 1.   
An NMR tube was charged with 1, 10% D2O v:v in CD3CN, and trimethoxybenzene as an internal 
standard. O2 was then bubbled through the solution for 5 minutes at -5 °C, after which the red 
mixture was warmed to RT and monitored via 1H NMR. After 10 minutes at RT, 1,1-
dimethylbenzocyclobutene was observed in 40% yield based on the internal standard. The reaction 
mixture was then worked up for GC-MS analysis, which confirmed the formation of 1,1-
dimethylbenzocyclobutene, along with 5% of a hydroxylated product. The C-O product was 
identified as 2-tert-butylphenol by comparison of its fragmentation pattern to that of a pure sample. 
Interestingly, unlike 2+, exposure of 32+ to 10% D2O/CD3CN for 3 hours at RT and GC-MS 
analysis of the reaction mixture revealed the formation of 15 % of 2-tertbutylphenol. 
 
4.2.3 Photolysis of 1, 2+, and 32+.  
An NMR tube was charged with the corresponding Ni complex (10 µmol) and trimethoxybenzene 
as an internal standard. After injection of the additive, the solution was irradiated with a 20 Watt 
470 nm LED strip (purchased from Super Bright LEDs) at room temperature and monitored via 
NMR. The irradiation was stopped when no changes were observed by NMR.  
 
4.2.4 C-C/C-X bond formation reactivity of 2+ and 32+.  
Two NMR tubes were charged with 2+, trimethoxybenzene as an internal standard, and CD3CN. 
To one of the NMR tubes, one equivalent of acetylferrocenium tetrafluoroborate was added to 
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generate 32+ in situ. After an initial 1H NMR, the nucleophile was added when applicable, and the 
reaction mixture was monitored by 1H NMR at RT. After no changes were observed by NMR, the 
solution was heated at 80 °C for 3 hours to ensure a complete reaction.  
 
4.2.5 Physical Measurements 
Varian Unity Inova 500 MHz and Varian Mercury 300 MHz instruments were used to 
collect NMR data. Chemical shifts are reported in ppm with the residual solvent peak as the 
reference. Abbreviations for NMR multiplicity are s (singlet), d (doublet), t (triplet), and m 
(multiplet). UV-visible spectra were recorded on a Varian Cary 50 Bio spectrophotometer. EPR 
spectra were recorded using a JEOL JES-FA X-band (9.2 GHz) EPR spectrometer at 77 K. GC-
MS data was collected using a HP 6890 Series GC System and an HP 5973 Mass Selective 
Detector. Photolysis experiments utilized a 20 Watt 470 nm LED strip purchased from Super 
Bright LEDs  
 
4.2.6 Computational Studies 
The DFT calculations were performed using Gaussian0947 software package. The B3LYP 
functional was used with the basis set 6-31G* for all non-nickel atoms and using the m6-31G* 
basis set for the nickel atom. This combination of hybrid functional and basis sets has been 
previously shown to work well for reproducing experimental parameters for Ni complexes.24, 48 
Spin unrestricted geometry optimizations with a SCRF of acetonitrile were performed on 2+ 
starting from the crystallographic data with counteranions excluded. The ground state 
wavefunction was investigated by analyzing the frontier MOs and the atomic contributions to these 
MOs was calculated using Chemissian.49  
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4.3   Results and Discussion 
4.3.1 Reactivity of 1 with Organic Halides. 
We set out to probe the reactivity of our NiII, NiIII, and NiIV complexes in C-C and C-
heteroatom bond formation reactions. First, we studied the ability of the NiII complex 1 to undergo 
oxidative addition with organic halides, since such a step has been proposed to occur in several 
catalytic reactions.10, 50-52 Gratifyingly, the addition of iodomethane to 1 led to an immediate 
formation of a deep red solution that faded to pale yellow after three hours at RT, and analysis of 
the reaction mixture by GC-MS upon acidic workup revealed the formation of three C-C coupled 
products that account for 98% of the neophyl ligand (Table 4.1).53 The 2-methyl-t-butylbenzene 
product likely forms upon oxidative addition of MeI to 1 followed by subsequent Csp2-Csp3 
reductive elimination. The dimeric methylated product formed in 30% yield may result upon 
bimetallic ligand exchange occuring after the first Csp2-Csp3 reductive elimination, followed by a 
Csp3-Csp3 reductive elimination to yield the observed product. Moreover, the formation of a 
dimethylated product in 6% yield suggests that more than one oxidative addition of MeI can occur 
at the same Ni center, and sequential reductive eliminations can form two new C-C bonds. 
Alternatively, a methyl group transfer at a high-valent Ni center, followed by reductive 
elimination, could also account for the dimethylated product.54 Performing the addition of MeI to 
1 in presence of the radical trap TEMPO leads to no detectable methylation products, instead the 
cyclized product 1,1-dimethylbenzocyclobutene was formed in 23% yield.53 This result suggests 
a single electron transfer (SET) oxidative addition mechanism, as proposed previously for other 
Ni systems.4-14, 50-52 Finally, addtion of either iodobenzene or ethyl bromide to 1 leads to the 
corresponding 2-substituted t-butylbenzene products in 50% and 23% yields, respectively, 
suggesting that the proposed oxidative addition to 1 can occur for a range of organic halides.53 
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Analysis by 1H NMR of the reaction of 1 with MeI at -35 °C in CD3CN reveals the presence 
of a complex mixture of diamagnetic compounds that is tentatively assigned to a mixture of NiII 
and NiIV species. Upon warming to RT, the NMR spectrum becomes simpler and corresponds to 
only a limited number of products. Finally, no NiIII signal was observed by EPR, suggesting that 
if a NiIII is involved it is short lived and potentially NiIV intermediates may be involved. 
 
Table 4.1 Yields of C-C products from oxidative addition of organic halides to 1, determined by GC-MS 
vs dodecane as internal standard.  
Starting Complex 
 
1 + MeI 32 6 30 0 0 
2+ + MeI 0 0 0 24 18 
1 + MeI + TEMPO a  0 0 0 23 0 
1 + PhI 50 0 0 0 0 
1 + EtBr 23 9 0 0 0 
 a Me-TEMPO was observed in 17% yield. Note: Some of the organic product 2-tertbutyltoluene (less 
than 10%) is released before the acidic work up, which is supported by the incorporation of deuterium 
into the product when the reaction was performed in CD3CN and as detected by GC-MS.  
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Scheme 4.2 Proposed mechanism for the three new C-C products formed from addition of MeI to 1.  
 
 
4.3.2 Aerobic Oxidation Studies of 1 
Next, we explored the oxidatively-induced reactivity of 1 in the presence of mild oxidants. 
Excitingly, exposure of 1 to O2 in 9:1 CD3CN:D2O led to rapid formation of a deep red solution 
and  analysis by 1H NMR revealed the formation of 1,1-dimethylbenzocyclobutene in 40% yield. 
GC-MS analysis confirmed the presence of the C-C coupled product, along with 5% of the C-O 
product 2-tert-butylphenol.53  
Since no intermediates could be observed at RT, 1 was dissolved in a 10% D2O/d
6-acetone 
solution containing the internal standard, cooled to -55 °C, and then O2 was bubbled through the 
solution for 5 minutes. The solution immediately turned deep red and the NMR spectrum revealed 
the presence of persistent paramagnetic species. Upon warming the solution to -30 °C, the NMR 
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spectrum became well defined. In particular, two chemicals shifts at 5.178 and 4.951 ppm indicate 
the formation of a NiIV species in solution. Integration of these peaks corresponds to 40 % of the 
proposed NiIV-X species to be present (X could be solvent, hydroxide, or another anion).  
 
Figure 4.1 1H NMR of 1 + O2 in 10% D2O/d
6-acetone at -30 °C (300 MHz).  
 
Analysis of the reaction mixture by EPR shows the formation of the NiIII species in 50% 
yield (Figure 4.2). These initial studies suggest O2 is capable of rapidly oxidizing 1 to generate 
both NiIII and NiIV species, followed by formation of C-C and C-O coupled products, and thus can 
be potentially employed in catalytic Ni-mediated aerobic transformations. Wanting to understand 
the mechanism of the aerobic oxidation, DMPO was used as a radical trap. This gave rise to two 
observed signals (Figure 4.3), one being a broad signal from the NiIII species at room temperature 
and the other from the DMPO trapped radical. This leads us to believe that the mechanism for the 
aerobic oxidation of nickel is very similar to previous work that has been done with palladium.55 
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Currently we propose a mechanism where 1 is aerobically oxidized to a NiIII-superoxo complex, 
followed by proton transfers and reacting with an equivilent of 1 to give a NiIV-OH which could 
undergo C-C or C-OH bond formation or comproportionation with 1 to give the NiIII complex 2+ 
(Scheme 4.3). A comporoportionaltion would also result in a new NiIII-OH species to be formed 
which may be the second signal seen in Figure 4.2. To the best of our knowledge, only two other 
organometallic NiII complex have been shown to undergo oxidation by O2 and subsequent C-C 
bond formation through a high-valent Ni intermediate, although in those cases no C-O bond 
formation was reported.36, 54 
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Figure 4.2 Overlay of the EPR spectra at 77 K of 1 + O2 in 10% D2O/d
6-acetone (red) and the 
independently isolated complex 2+ (black). Spin integration reveals the formation of 50% NiIII product(s) 
upon aerobic oxidation.  
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Figure 4.3 DMPO spin trapped radical of aerobic oxidation. Simulated parameters: AN=12.9 G, AH=7.4 
G, g=2.0045. 
 
Scheme 4.3 Proposed mechanism for the aerobic oxidation of 1 and the formation of the products and 
intermediates observed. 
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4.3.3 Photolysis of 1, 2+, and 32+.  
 Having isolated both NiIII and NiIV complexes 2+ and 32+, we then evaluated their C-C bond 
formation reactivity. Upon heating 2+ or 32+ in MeCN at 80 °C, 1,1-dimethylbenzocyclobutene 
was generated in only 42% and 34% yield, respectively (Scheme 4.4).53 This is in contrast to 
related NiIV(cycloneophyl) complexes reported recently by Sanford et al. that undergo almost 
quantitative formation of the cyclized product, and this may be due to the dicationic nature of 2+ 
and 32+ that leads to less selective reactivity.38 Interestingly, the yield of C-C coupled product was 
found to be dependent on the presence of light, and exposure of 32+ in MeCN to blue LEDs (470 
nm) leads to formation of 1,1-dimethylbenzocyclobutene in 91% yield in 30 min at RT. Performing 
the photolysis in the presence of TEMPO does not affect the yield of product significantly, 
sugesting that no free radicals are generated during the reaction.53 By comparison, exposure of 2+ 
to blue LEDs does not increase the yield of coupled product vs. the thermolysis reaction (Scheme 
4.4).  
 
Scheme 4.4 Yields of C-C bond formation for theromolysis and photolysis for 2+ and 32+. 
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Table 4.2. Photoreactivity studies of Ni complexes.  
Ni Complex Additive Illumination Time 1,1-dimethylbenzocyclobutene 
1 none 17 hr 8% 
1 a 1 eq AcFcBF4 30 min 0%; 45% 
2+ none 16 hr 40% 
2+ a 1 eq AcFcBF4 30 min 20%; 94% 
32+ none 30 min 91% 
32+ TEMPO 30 min 84% 
a The solution was irradiated for 1 hour before the AcFcBF4 was added and for 30 minutes after addition; 
the two yields represent the product before and after addition at their respective times. 
 
Based off of the previous characterization we have done on these two complexes, (Ch. 3) 
the UV-Vis and TD-DFT calculations can tell us about the part that light plays in this reaction. 
The UV-vis spectrum of 32+ has a much higher molar absorptivity compared to 2+ which may 
influence why it is so much more reactive to the blue LED. From the TD-DFT, there are several 
transitions with relatively large oscillator strengths between 350-500 nm that could be excited by 
the blue LED. The most common MO’s involved in these transitions are: HOMO-2, HOMO-1, 
HOMO, LUMO, and LUMO+1. These HOMOs represent various ligand based MO’s while 
LUMO and LUMO+1 represent Ni based orbitals that have σ* character. This means all of these 
ligand to metal charge transfers will result in an increase in electron density in σ* orbitals, leading 
to an overall destabilized metal complex. The destabilization could be the cause of the increased 
reductive elimination that is observed for 32+. One reason we believe this only occurs for 32+ and 
not 2+ is because for a LMCT, the Ni center in the excited state is reduced resulting in a NiIII and 
NiII complexes respectively. The NiIII would be expected to undergo reductive elimination quicker 
than the NiII complex which is why we believe that 32+produces much higher yields of the C-C 
product in a shorter period of time. Overall, the observed photoreactivity is particularly relevant 
to the recently reported C-C/C-X bond formation reactions employing dual Ni/photoredox 
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catalysis,41-44 and suggests that organometallic Ni complexes can be directly activated by light and 
undergo rapid reductive elimination.  
 
Table 4.3 Primary electronic transitions from TD-DFT calculation for 32+.  
Wavelength (nm) Osc. Strength Major contributing transitions (>10%) 
502.0 0.0023 H-1->LUMO (22%), HOMO->LUMO (58%) 
440.4 0.0025 H-1->LUMO (48%), HOMO->LUMO (30%) 
416.9 0.0078 H-2->LUMO (60%) 
389.5 0.0025 HOMO->L+1 (68%) 
377.0 0.0316 H-3->LUMO (60%) 
 
4.3.4 C-C/C-X Bond Formation Reactivity of 2+ and 32+.  
Finally, the reactivity of both 2+ and 32+ in the presence of various nucleophiles was also 
investigated. Surprisingly, addition of (Et4N)Cl, (Et4N)OH, (nBu4N)OAc, (nBu4N)N3, or 
(Me4N)NHMs to a CD3CN solution of 2+ did not lead to formation of any C-heteroatom bond 
formation product even upon heating at 80 °C, only the C-C product 1,1-
dimethylbenzocyclobutene  being observed in yields between 24% and 73% (Table 4.4). The lack 
of any C-X products could be attributed to the sterically hindered Ni center. Indeed, no change in 
the EPR spectra of these solutions was observed upon addition of the nucleophile, supporting the 
lack of coordination to the NiIII center. By comparison, addition of the same nucleophiles to a 
CD3CN solution of 32+ leads to a rapid disappearance of the Ni
IV complex, yet the yields of C-C 
coupled products are diminished to 10-25%. The EPR spectra of the reaction mixtures reveal the 
formation of the NiIII complex 2+ in up to 50% yield, that could form upon the comproportionation 
of 32+ with a reductive elimination NiII product.53 However, the addition of (Et4N)Cl to 32+ also 
generates the products 2-chloro-t-butylbenzene and neophyl chloride in 16% and 13% yield, 
respectively. While the yields are low, these results suggest that both Cl-Csp2 and Cl-Csp3 bond 
formation reactions can occur, either through coordination of Cl–  to the Ni
IV center followed by 
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concerted reductive elimination, or through an SN2-type reductive elimination, the latter reaction 
pathway being also observed by Sanford et al.38 Overall, the limited C-heteroatom bond formation 
reactivity of both 2+ and 32+ may be due to their sterically hindered coordination environment, 
despite being quite electrophilic cationic centers. 
 
Table 4.4 Reactivity studies of 2+ and 32+ with nucleophiles. Product yields were obtained by 1H NMR or 
GC-MS vs an internal standard.  
Ni complex Additive 1,1-Dimethylbenzocyclobutene t-Butylbenzene 
2+ (NiIII) None 42 16 
2+ (NiIII) (Me4N)NHMs 46 0 
2+ (NiIII) (nBu4N)OAc 24 16 
2+ (NiIII) (Et4N)OH 45 4 
2+ (NiIII) (Et4N)Cl 62 0 
2+ (NiIII) (nBu4N)N3 73 0 
32+ (NiIV) None 34 0 
32+ (NiIV) (Me4N)NHMs 16 0 
32+ (NiIV) (nBu4N)OAc <1 4 
32+ (NiIV) (Et4N)OH 7 0 
32+ (NiIV) (Et4N)Cl a, b 13 0 
32+ (NiIV) (nBu4N)N3 26 0 
a The C-Cl coupled products 2-chloro-t-butylbenzene and neophyl chloride were detected in 16% and 13%, 
respectively. a The yield of C-Cl coupled products were not affected by exposure to blue LED light. 
 
Scheme 4.5 C-Cl bond formation via Cl- coordination to the Ni (top) and SN2 like reductive elimination. 
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4.4 Conclusion 
The reactivities of a series of organometallic NiII, NiIII, and NiIV complexes was studied 
via photolysis, oxidative addition with organic halides, and aerobic oxidation. This photoreactivity 
may have important mechanistic implications for the recently developed dual Ni/photoredox 
catalytic systems proposed to involve high-valent organometallic Ni intermediates. Furthermore, 
the (Me3tacn)Ni
II(cycloneophyl) complex undergoes oxidative addition with organic halides, as 
well as rapid oxidation by O2, to generate detectable Ni
III and NiIV intermediates and followed by 
reductive elimination to form new C-C bonds. Current studies are focused on taking advantage of 
the ability of the Me3tacn ligand to stabilize high-valent Ni species and employ such 
organometallic Ni complexes in transformations involving rapid oxidative addition and/or aerobic 
oxidation steps for catalytic C-C and C-heteroatom bond formation reactions. 
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Chapter 5 
 
Synthesis and Characterization of (N4)NiIIICl2 
Complexes and the Effects of Ligand Modification on 
Their Stability 
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5.1   Introduction 
The synthesis and characterization of high-valent nickel complexes is currently an 
interesting field because of their role as proposed intermediates in many different cross coupling 
catalytic cycles. 1-11 Several different ligand systems have been employed in order to stabilize these 
high valent nickel complexes so they can be fully characterized.12-31 How the supporting ligands 
are modified can have large impacts on the stabilization or destabilization of high valent 
intermediates, which in turn would lead to a faster or slower reactivity. Either of these outcomes 
may be desirable depending on the goal that is trying to be achieved and understanding how certain 
ligand properties affect these complexes is a step in this direction.  
Our group has used tetradentate pyridinophane ligands to support high valent PdIII 32-35  and 
NiIII complexes.12, 30, 31, 36, 37 We wanted to take a closer look at inorganic NiIII complexes to 
determine how the stability was either enhanced or diminished from modification of the supporting 
ligand. The modifications tested were the effects of increased steric bulk around the two amine 
ligands of the pyridinophane by substituting the methyl groups for tert-butyl groups and the 
electronic effects of adding a methoxy group to the para position of the two pyridine rings. These 
modifications should lead to less and more electron donation respectively to the NiIII center which 
is expected to affect the overall stability. The four ligands represented in this study are all 
pyridinophane-derived ligands including: N,N′- Dimethyl-2,11-diaza[3,3](2,6)pyridinophane 
(MeN4,)38, N,N′-ditertbutyl-2,11-diaza[3,3](2,6)pyridinophane (tBuN4)39, N,N’-di-methyl-2,11-
diaza[3.3]4-methoxy-(2,6)pyridinophane (MeN4OMe), and N,N’-di-tertbutyl-2,11-diaza[3.3]4-
methoxy-(2,6)pyridinophane (tBuN4OMe). This series of ligands can help determine what minor 
modifications ligands may undergo to increase or decrease their stability of the corresponding NiIII 
complex.  
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5.2   Experimental Section 
Reagents and Materials. All experiments were carried out under a nitrogen atmosphere using 
standard glove box and/or Schlenk techniques. Reagents used for synthesis which are not given 
were commercially available from Sigma Aldrich, Acros, or STREM and were used without 
further purification. Solvents used were purified prior to use by passing through a column of 
activated alumina using an MBRAUN solvent purification system. The precursor 4-methoxy-2,6-
bis(bromomethyl)pyridine40 and thaianthronyl tetrafluoroborate41 were synthesized as previously 
reported. The ligands N,N′- Dimethyl-2,11-diaza[3,3](2,6)pyridinophane (MeN4)38, N,N′- 
Ditertbutyl-2,11-diaza[3,3](2,6)pyridinophane (tBuN4)39, and tBuN4NiCl2, 2
33, were also 
synthesized as previously reported.  
 
5.2.1 Synthesis of tBuN4OMe Ligand 
Preparation of 4-Methoxy-2,6-bis[(N-tertbutylamino)methyl]pyridine. Tert-butylamine (50 
equivilents, 53 mL) was slowly added to a flask charged with N2 and 60 mL of chloroform. 4-
Methoxy-2,6-bis(bromomethyl)pyridine (3 grams) was dissolved in 90 mL of chloroform and 
added dropwise to the solution. The reaction mixture was heated to 50° C overnight and then 
allowed to cool to room temperature. The solution was then washed with 100x2 mL of a saturated 
NaHCO3 solution and separated. The solution was then washed with water, separated, and dried 
over Na2SO4 and the solvent removed by rotovap and high vacuum. Yield 97 %. 
1H NMR (CDCl3, 
300 MHz) (ppm): 6.76 (s, 2H, Ar), 3.88 (s, 4H, CH2), 3.82 (s, 3H, OMe), 1.26 (s, 18H, tBu). 
 
Preparation of N,N’-di-tertbutyl-2,11-diaza[3.3]4-methoxy-(2,6)pyridinophane, L4. A flask 
was charged with 45 mL benzene, 52 mL of 10 % Na2CO3, and 2.8 g of 4-Methoxy-2,6-bis[(N-
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tertbutylamino)methyl]pyridine. The reaction solution was heated to 75°. 4-Methoxy-2,6-
bis(bromomethyl)pyridine was dissolved in 50 mL of benzene and added dropwise over 1 hour 
and the reaction was allowed to stir overnight. The reaction was cooled to ~50° C and the organic 
and aqueous layers were separated. The organic layer was cooled and a white precipitate crashed 
out and was collected by filtration. Yield 40 %. 1H NMR (CDCl3, 300 MHz) ,  (ppm): 6.32 (s, 
4H, Ar), 3.90 (br, 8H, CH2), 3.67 (s, 6H, Ome), 1.30 (s, 18H, tBu).  
 
5.2.2 Synthesis of NiII/III Complexes 
Preparation of MeN4Ni(II)Cl2, 1. MeN4 and (DME)NiCl2 were added to a flask as solids which 
was then evacuated and filled with N2 three times. Dichloromethane was then added to the solids 
and the reaction mixture was stirred overnight. The solvent was removed under high vacuum. The 
green powder was dissolved in DCM, filtered, and the filtrate was set up for recrystallization by 
diethyl ether diffusion. Yield 88 %. Elemental analysis: found C 47.40, H 4.82, N 13.69 %; 
calculated C16H20Cl2N4Ni, C 48.29, H 5.07, N 14.08 %; 3, found C 53.28, H 6.48, 11.67 %, 
calculated C24H36Cl2N4NiO2, C 53.17, H 6.69, N 10.33. 
 
Preparation of tBuN4Ni(II)Cl2, 2. tBuN4 and (DME)NiCl2 were added to a flask as solids which 
was then evacuated and filled with N2 three times. Dichloromethane was then added to the solids 
and the reaction mixture was stirred overnight. The solvent was removed under high vacuum. The 
green powder was dissolved in DCM, filtered, and the filtrate was set up for recrystallization by 
diethyl ether diffusion. Yield 90 %. 
 
Preparation of MeN4OMeNi(II)Cl2, 3. MeN4OMe and (DME)NiCl2 were added to a flask as solids 
which was then evacuated and filled with N2 three times. Dichloromethane was then added to the 
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solids and the reaction mixture was stirred overnight. The solvent was removed under high 
vacuum. The green powder was dissolved in DCM, filtered, and the filtrate was set up for 
recrystallization by diethyl ether diffusion. Yield 75 %. Elemental Analysis: found C 53.28, H 
6.48, 11.67 %, calculated C24H36Cl2N4NiO2, C 53.17, H 6.69, N 10.33. 
 
Preparation of tBuN4OMeNi(II)Cl2, 4. tBuN4OMe and (DME)NiCl2 were added to a flask as solids 
which was then evacuated and filled with N2 three times. Dichloromethane was then added to the 
solids and the reaction mixture was stirred overnight. The solvent was removed under high 
vacuum. The green powder was dissolved in DCM, filtered, and the filtrate was set up for 
recrystallization by diethyl ether diffusion. Yield 84 %. 
 
Preparation of [MeN4Ni(III)Cl2]BF4, 1+. Complex 1 was dissolved in acetonitrile. The solution 
was cooled to -35° C inside a glovebox and a solution of thianthronyltetrafluoroborate (1 equiv.) 
in acetonitrile was added while stirring. The reaction was stirred for 1 hour at -35° C then the 
solution was concentrated to ~1 mL and diethyl ether was added to precipitate the complex. The 
precipitate was filtered off, washed with ether, and dried under high vacuum. Yield 70 %. 
 
Preparation of [tBuN4OMeNi(III)Cl2], 4+. Complex 4 was dissolved in acetonitrile. The solution 
was cooled to -35° C inside a glovebox and a solution of thianthronyltetrafluoroborate (1 equiv.) 
in acetonitrile was added while stirring. The reaction was stirred for 1 hour at -35° C then the 
solution was concentrated to ~1 mL and diethyl ether was added to precipitate the complex. The 
precipitate was filtered off, washed with ether, and dried under high vacuum. Yield 70 %. 
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5.2.3 Physical Measurements 
Varian Mercury 300 MHz instruments were used to collect NMR data. Chemical shifts are 
reported in ppm with the residual solvent peak as the reference. Abbreviations for NMR 
multiplicity are s (singlet), d (doublet), t (triplet), m (multiplet), and br (broad). UV-visible spectra 
were recorded on a Varian Cary 50 Bio spectrophotometer. EPR spectra were recorded using a 
JEOL JES-FA X-band (9.2 GHz) EPR spectrometer at 77 K. GC-MS data was collected using a 
HP 6890 Series GC System and an HP 5973 Mass Selective Detector. Elemental analysis was 
carried out by Intertek Pharmaceutical Services. Cyclic voltammetry was performed using a BASi 
EC Epsilon electrochemical workstation or a CHI Electrochemical Analyzer 660D. Measurements 
were taken in a glove box under nitrogen.  Glassy carbon disk electrode (d = 1.6 mm) was used as 
the working electrode for cyclic voltammetry and the auxiliary electrode was a platinum wire. The 
reference electrode was a Ag-wire. The reference was calibrated against ferrocene Fc+/Fc couple 
after each experiment. The magnetic moment was calculated using Evan’s method using a known 
concentration of the metal complex with a sealed capillary with the NMR solvent.42 
Suitable crystals of appropriate dimensions were mounted on Mitegen loops in random 
orientations. Preliminary examination and data collection were performed using a Bruker Kappa 
Apex-II Charge Coupled Device (CCD) Detector system single crystal X-Ray diffractometer 
equipped with an Oxford Cryostream LT device. Data were collected using graphite 
monochromated Mo K radiation (= 0.71073 Å) from a fine focus sealed tube X-Ray source. 
Preliminary unit cell constants were determined with a set of 36 narrow frame scans. Typical data 
sets consist of combinations of  and  scan frames with typical scan width of 0.5 and counting 
time of 15-30 seconds/frame at a crystal to detector distance of ~3.5 to 4.0 cm. The collected 
frames were integrated using an orientation matrix determined from the narrow frame scans. Apex 
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II and SAINT software packages43 were used for data collection and data integration. Analysis of 
the integrated data did not show any decay. Final cell constants were determined by global 
refinement of reflections from the complete data set. Data were corrected for systematic errors 
using SADABS43 based on the Laue symmetry using equivalent reflections. Structure solutions 
and refinement were carried out using the SHELXTL- PLUS software package.44 The structures 
were refined with full matrix least-squares refinement by minimizing w(Fo2-Fc2). All non-
hydrogen atoms were refined anisotropically to convergence. The complete listings of X-ray 
diffraction parameters are included in Appendix B. 
 
5.2.4 Computational Studies 
The DFT calculations were performed using Gaussian0945 software package. The B3LYP 
functional was used with the basis set 6-31G* for all non-nickel atoms and using the m6-31G* 
basis set for the nickel atom. This combination of hybrid functional and basis sets has been 
previously shown to work well for reproducing experimental parameters for Ni complexes.23, 46 
Spin unrestricted geometry optimizations with a SCRF of acetonitrile were performed starting 
from the crystallographic data with counteranions excluded. The ground state wavefunction was 
investigated by analyzing the frontier MOs and the atomic contributions to these MOs was 
calculated using Chemissian.47  
 
5.3   Results and Discussion 
5.3.1 Ligand Synthesis and Design  
 The ligand tBuN4OMe was synthesized in a similar manner as tBuN439 which has previously 
been synthesized (Scheme 5.1). This gave us a set of four ligands that we could use to synthesize 
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various Ni complexes. The ligands studied include MeN438, tBuN439, MeN4OMe 40, and tBuN4OMe. 
These ligands were chosen because the N4 ligand framework has been shown in the past to 
stabilize various high valent Pd and Ni intermediates.25, 48 These ligands allow us to observe the 
effects of both electronic effects of an electron donating group in the para position of the pyridine 
ring, and adding steric effects on the amine ligands. Substituting the methyl groups on the amines 
for tert-butyl groups allows us to determine if the stability of high valent NiIII complexes is affected 
by this steric bulk in its axial positions. The addition of the methoxy group is how we are probing 
the effects additional electron density donation to the Ni center. Using these four ligands to support 
various NiCl2 complexes (Figure 5.1) we can gain insight into designing ligands that can either 
increase or decrease the stability of high valent nickel complexes which is important in catalytic 
cross coupling transformations.  
 
Scheme 5.1 Synthesis of tBuN4OMe. 
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Figure 5.1 Ligands in this study with their respective electronic and steric effects highlighted.  
 
5.3.2 Synthesis and Characterization of NiII Complexes 
The various NiII complexes 1-4 were synthesized by a similar procedure where either one of the 
four ligands were added to (DME)NiIICl2 in DCM and stirred overnight. The isolated green 
powders were recrystallized by DCM/diethyl ether diffusion and characterized by X-ray 
crystallography (Figure 5.2). Examining the bond lengths for these complexes, (Table 5.1 and 5.2) 
we see the largest difference in the Ni-Nax bonds. Complex 1 has the shortest Ni-Nax bond length 
of 2.177 Å because it lacks the bulky tert-butyl groups reducing the steric hindrance allowing the 
nitrogens to move closer to the Ni center. The addition of the tert-butyl group in complex 3 is why 
we observe the 0.137 Å elongation. The second shortest Ni-Nax bond length was 2.218 Å for 
complex 3 which also does not have the tert-butyl group causing steric interactions. However, 
complex 3 is still 0.041 Å longer than 1 which is likely due to the methoxy group on the pyridine 
which is expected to increase the total electron donation from the ligand to the Ni center. Extra 
electron density from the Neq atoms means the complex may not require as much electron density 
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from Nax resulting in an elongation of the axial bonds. There is only a small difference observed 
in the Ni-Neq bonds which indicates the methoxy group on the pyridine does not seem to have 
much effect on the bond lengths.  
 
Scheme 5.2 Synthesis for NiII and NiIII complexes using MeN4, tBuN4, MeN4OMe, and tBuN4OMe. 
 
 
 
Figure 5.2 X-ray crystal structures of complexes 1-4.   
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Table 5.1 Selected bond lengths from crystal structure of complexes 1-4 in Å. 
  Complex 
Bond 1 2 3 4 
Ni(1)-N(1)  2.013(3) 2.013(5) 2.032(2) 2.005(2) 
Ni(1)-N(2)  2.013(3) 2.008(4) 2.010(3) 2.007(2) 
Ni(1)-N(3)  2.177(3) 2.336(5) 2.204(2) 2.298(2) 
Ni(1)-N(4)  2.177(3) 2.292(5) 2.231(2) 2.393(2) 
Ni(1)-Cl(1)  2.3764(8) 2.382(2) 2.407(1) 2.389(1) 
Ni(1)-Cl(2)  2.3764(8) 2.356(1) 2.334(1) 2.371(1) 
 
Table 5.2 Average Ni-L bond lengths of complexes 1-4 in Å.  
 Complex 
Bond (avg) 1 2 3 4 
Ni-Neq 2.013 2.010 2.021 2.006 
Ni-Nax 2.177 2.314 2.218 2.346 
Ni-Cl 2.376 2.369 2.370 2.380 
 
We examined the electrochemical properties of these complexes using cyclic voltammetry 
(CV), allowing us to determine the oxidation potentials (Figure 5.3) and compare this series of NiII 
complexes with one another to observe if the differences in the ligand modifications has any 
effects. Complexes 1 and 2 have oxidation potentials of 582 and 585 mV vs Fc respectively 
indicating that the steric interaction of the tert-butyl groups does not affect the NiII/III oxidation 
potentials. We expected the Ni-Nax elongation observed in the crystal structure to lead to higher 
oxidation potentials for the NiII/III, however minimal effect was observed. There was a larger effect 
for the tert-butyl sterics in complexes 3 and 4 where their oxidation potential was increased by 17 
mV, however this is still a very minor change and not as significant as what was expected.  
The electronic effects from the methoxy groups in the para position on the pyridines, 3 and 
4, cause a much larger difference in oxidation potentials than we observed for the steric effects. 
There is 52 mV difference when comparing complexes 1 and 3 and a 38 mV difference between 2 
and 4. Although still not a major change in oxidation potential, this decrease likely corresponds to 
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an increase in electron density around the Ni center. The methoxy groups should allow the pyridine 
ligands to donate overall more electron density resulting in the observed lower oxidation 
potentials. This more facile oxidation to NiIII leads us to believe that these methoxy groups may 
aid in the stabilization of high valent nickel complexes.  
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Figure 5.3 CVs of complexes 1-4 in a 0.1 M n-Bu4NPF6/MeCN solution. Oxidation potentials for 
NiII/III: 1, 582 mV; 2, 585 mV; 3, 530 mV; 4, 547 mV vs Fc. 
 
5.3.3 Synthesis and Characterization NiIIIComplexes 
 We next wanted to see if these ligands could stabilize high valent NiIII. Complexes 1-4 
were oxidized by either electrolysis or thianthronyl tetrafluoroborate and analyzed by EPR 
spectroscopy (Figures 5.4-5.7). All the signals for the NiIII complexes were inverted axial with a 
quintet in the z-direction from super-hyperfine coupling. This coupling indicates that these 
complexes are in a dz
2 ground state where the unpaired electron on the NiIII center is interacting 
with the two axial nitrogens. Complexes 1+ and 3+ have similar features as do 2+ and 4+. This can 
be observed in Table 5.3 where 1+ and 3+ have similar values for both g-factors and for nitrogen 
coupling in the x, y, and z-directions. Complexes 2+ and 4+ also have similar g-factors to one 
another as well and similar coupling in the z-direction. Compared to the methyl complexes, the 
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tert-butyl complexes have slightly less coupling in the z-direction and much less in the x and y-
directions. Since we do not see much of a difference in the axial coupling between the methoxy 
analogues, 3+ and 4+, and the hydrogen analogues, 1+ and 2+, the cause of these observed 
differences in coupling and g-factors is likely due to the steric interactions imposed by the tert-
butyl groups. This steric bulk is expected to lead to an axial elongation for the NiIII complexes as 
was observed in the NiII crystal structures of 2 and 4 which would explain why we see slightly 
smaller couplings in the z-direction for the less bulky methyl ligands that allow the axial nitrogens 
to coordinate closer to the Ni center. The other proponent of the ligands, the methoxy group, seems 
to have little effect on the EPR having both similar couplings and g-factors. This indicated that the 
steric bulk in the axial position has greater influence on these NiIII complexes than the addition of 
the methoxy group does on the pyridine.  
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Figure 5.4 EPR spectra of complexes 1+ 1:3 MeCN/PrCN at 77 K. 
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Figure 5.5 EPR spectra of complexes 2+ 1:3 MeCN/PrCN at 77 K. 
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Figure 5.6 EPR spectra of complexes 3+ 1:3 MeCN/PrCN at 77 K. 
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Figure 5.7 EPR spectra of complexes 4+ 1:3 MeCN/PrCN at 77 K. 
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Table 5.3 Super-hyperfine coupling from nitrogen and g-factors. 
 1+ 2+ 3+ 4+ 
gx 2.1485 2.194 2.15 2.194 
gy 2.1485 2.175 2.15 2.184 
gz 2.0274 2.023 2.025 2.024 
Az(2N) 18.5 G 17 G 18.5 G 16 G 
Ay(2N) 12 G - 11.5 G 13 G 
Ax(2N) 12 G - 12.5 G - 
 
 When we attempted to isolate these NiIII complexes for further characterizations, complex 
1+ was stable at room temperature as a solid or in solution, showing minimal decomposition unless 
exposed to water. This allowed for X-ray quality crystals to be grown from a DCM/pentane 
solution (Figure 5.8). The Ni-N bond lengths shorten going from 1 to 1+, however the bonds that 
seem to be the least affected are the axial nitrogen bonds contracting by only 0.018 Å whereas the 
equatorial nitrogen bonds decrease by an average of 0.129 Å. This indicates that oxidation does 
not induce a contraction of the axial nitrogens. Since 2 already has elongated axial bonds, when it 
is oxidized to 2+ there will be less electron density available to stabilize the NiIII which could result 
in a less stable complex. Complex 2+ was indeed substantially less stable than 1+, decomposing in 
solution almost immediately upon reaching room temperature and could only be isolated at -30° 
C as a powder.  This observed instability we attribute to the reduced electron donation from the 
axial nitrogens which is caused by the increased steric effects from the bulky tert-butyl groups. 
Although the methoxy groups seemed to have little effect on both the EPR and electrochemical 
properties, it increases the stability of the NiIII. Where complex 2+ was only stable at low 
temperatures, 4+ showed no decomposition in the EPR signal when allowed to sit in solution at 
room temperature for ten minutes. We believe the methoxy groups are responsible for increasing 
the electron donation from the equatorial pyridines which compensates for the reduced electron 
donation from the axial amines caused by the bulky tert-butyl groups. The tert-butyl group 
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probably has a larger effect on the stability of the complexes than the methoxy group which is why 
complex 4+ has a greater stability than 2+ but is still less stable than 1+. 
 
 
Figure 5.8 Crystal structure of 1+. Selected bond lengths Ni(1)-N(1) 1.900(3), Ni(1)-N(2) 
1.869(9), Ni(1)-N(3) 2.159(3), Ni(1)-N(4) 2.159(3), Ni(1)-Cl(1) 2.2138(9), Ni(1)-Cl(2) 2.1885(9). 
 
5.3.4 Transmetallation Reactions 
 Transmetallation reactions were performed on the NiIII complex 1+ with 2-methyl-
2-phenylpropylmagnesium chloride (PhCMe2CH2MgCl). These reactions were carried out at -50° 
C and allowed to slowly warm up to 20° C overnight. We used EPR to observe the NiIII species 
that are present in solution just after the reaction had started and after the reaction was finished. 
When one equivalent of PhCMe2CH2MgCl was added, the EPR showed two species in solution 
that both almost completely decay by the end of the reaction. The larger species at gx=2.15 is the 
starting NiIII complex 1+. The other species is believed to be MeN4NiIII(neophyl)2 due to the large 
shift observed where gx=2.28 and that it is still an axial signal. We do not expect it to be 
MeN44Ni(neophyl)Cl because if it was, we would expect the signal to be more rhombic with a 
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larger difference between gx and gy which has been observed for similar Ni
III complexes.12 The 
solution was then heated overnight to ensure decomposition and a GC-MS of this solution revealed 
the organic dimer product 1,1'-(1,1,4,4-tetramethyl-1,4-butanediyl)bis-benzene. The observation 
of this product is another reason we believe the new species in the EPR is MeN4Ni(neophyl)2. 
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Figure 5.9 EPR 1+ with one equivalent of PhCMe2CH2MgCl in 1:3 THF:2-Methyl-THF after 5 
minutes at -50° C (black), MeN4NiIIICl2 in 1:3 THF:2-Methyl-THF (red), subtraction of the 
MeN4NiIIICl2 signal from the spectrum at 5 minutes (blue), and after coming to room temperature 
overnight scaled up 20 times the intensity (green). 
 
When the same transmetallation reaction was performed with two equivalents of 
PhCMe2CH2MgCl, the same two species were observed after 5 minutes at -50° C. However, after 
the reaction slowly came to room temperature overnight, a new species was observed in the EPR. 
The new species has gx=2.22 and gy=2.20 which are the same values that the independently isolated 
MeN44NiIII(cyclonephyl).36 This product is the result of C-H activation of one of the ortho 
hydrogens on the phenyl ring. The product previously characterized was shown to be stable at 
room temperature which would explain why it is still present in solution, however the total EPR 
signal for all NiIII species still in solution at the end of the reaction has decreased to 3% of what it 
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started at indicating that either not much of the product is C-H activated or the reaction mixture 
causes decomposition. When the reaction was kept at -10-0° C, there was no C-H activated product 
present in solution meaning the low temperature may hinder the formation of the 
MeN4NiIII(cycloneophyl). This reaction was also analyzed by GC-MS in the same manner as for 
the reaction with 1 equivalent of PhCMe2CH2MgCl. The same dimer product was observed as well 
as tert-butylbenzene and a trace amount of 1,1-dimethylbenzocyclobutene, the cyclized C-C 
product formed from the C-H activated product. The observation of this organic product along 
with the EPR it seems that MeN4NiIII(cycloneophy) is formed during the reaction and 
transmetallation can be followed by a C-H activation at the NiIII. 
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Figure 5.10 EPR 1+ with two equivalents of PhCMe2CH2MgCl in 1:3 THF:2-Methyl-THF after 5 
minutes at -50° C (black), after coming to room temperature overnight (red), with the 1+ signal 
subtracted (blue), and an authentic sample of MeN4NiIII(cycloneophyl) (green). 
 
Table 5.4 G-factors for three species observed in EPR  
Complex gx gy gz 
MeN4NiIII(neophyl)2 2.28 2.26 2.01 
MeN4NiIII(cycloneophyl)a 2.22 2.20 2.01 
MeN4NiIIICl2 2.15 2.13 2.04 
tBuN4NiIII(Ar)Clb 2.28 2.18 2.03 
tBuN4NiIII(Ar)Meb 2.32 2.27 2.01 
a G-factors match with the independently isolated complex.36 
b G-factors show that a more rhombic signal would be expected for a NiIIIRX compared to a NiIIIR1R2.12 
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Spin integration of the EPR spectra was done to quantify the amount of the various NiIII 
species in solution. The integrations were performed after the signal for 1+ was subtracted from the 
spectra to integrate each species independently. After a reaction time of 5 minutes the only 
difference between the one equivalent and two equivalent reactions is that there is more 
MeN4NiIII(neophyl)2 formation which is expected as the amount of Grignard reagent increases. 
After the reaction came to room temperature, the major product for the two-equivalent reaction 
was the new MeN4NiIII(cycloneophyl) complex which was not seen for the 1 equivalent. The yield 
of the was increased whenever base was added to the reaction mixture. Two equivalents of Cs2CO3 
and tetrabutylammium acetate were added which increased the amount of MeN4NiIII(cycloneophyl) 
observed in the EPR by the end of the reaction had approximately doubled and quadrupled 
respectively.  
The MeN4NiIII(cycloneophyl) product is likely formed through a mechanism similar to what 
has been previously proposed by Cámpora for analogous NiII systems.49 After two transmetallation 
reactions occur on the same NiIII center, one of the neophyl groups can act as a base to help activate 
the C-H bond forming the new MeN4NiIII(cycloneophyl) and tert-butylbenzene. Seeing tert-
butylbenzene form when we see the C-H activation occur helps the case for the proposed 
mechanism since it involves the production of tert-butylbenzene. However, most of the tert-
butylbenzene that is observed in the reaction could be because more of the MgCl(neophyl) was 
added to the reaction and was merely quenched at the end of the reaction for the GC-MS workup. 
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Table 5.5 Spin integration of each species in the NMR at the beginning and end of the reaction. 
5 min -50° C 1 eq PhCMe2CH2MgCl 2 eq PhCMe2CH2MgCl 
MeN4NiIII(neophyl)2 33% 60% 
MeN4NiIIICl2 66% 40% 
MeN4NiIII(cycloneophyl) - - 
1 day RT 1 eq PhCMe2CH2MgCl 2 eq PhCMe2CH2MgCl 
Total Spin Remaining <1% 3% 
MeN4NiIII(neophyl)2 50% 23% 
MeN4NiIIICl2 50% 28% 
MeN4NiIII(cycloneophyl) - 49% 
GC-MS 1 eq PhCMe2CH2MgCl 2 eq PhCMe2CH2MgCl 
dimer 50% 67% 
tert-butylbenzene - 49% 
1,1-dimethylbenzocyclobutene - <1% 
Additive Cs2CO3 Bu4NOAc 
NiR2 74% 10% 
NiCl2 26% 90% 
NiCyc - - 
1 day RT Cs2CO3 Bu4NOAc 
Total Spin Remaining 4% 7% 
NiR2 25% 21% 
NiCl2 - - 
NiCyc 75% 79% 
GC-MS Cs2CO3 Bu4NOAc 
dimer 80% 64% 
tert-butylbenzene 77% 80% 
1,1-dimethylbenzocyclobutene <1% 1.40% 
 
Scheme 5.3 Proposed mechanism for transmetallation and C-H activation to produce 
MeN4NiIII(cycloneophyl). 
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5.3.5 Kumada Cross Coupling Reactivity 
Kumada cross coupling reactions were performed using complexes 1 and 1+ as the 
catalysts. This was done in order to observe if a difference in starting oxidation state has an effect 
on the catalyst’s ability to turn over this catalytic cycle. The reactions were loaded with 5% of 1 
or 1+ and iodotoluene in THF and then PhMgBr was added to the solution. The reaction mixture 
stirred overnight and was then analyzed by GC-MS (Table 5.6). The unoptimized yields from these 
reactions are very close to one another suggesting that starting with a NiIII catalyst does not 
improve the cross-coupling reactivity for this system.  
 
Scheme 5.4 Kumada cross-coupling reactions using 1 and 1+ as catalysts.  
 
 
Table 5.6 Observed yields of organic products in GC-MS from unoptimized Kumada cross 
coupling reactions. Dodecane used as an internal standard.  
 4-Phenyltoluene Biphenyl 4,4'-Dimethylbiphenyl 
  1 48 32 4 
  1+ 52 33 6 
 
Recently a paper by the Doyle group50 proposed a dual catalytic system involving a 
photocatalyst and a nickel catalyst. The proposed mechanism involves a high valent NiIII which 
upon irradiation with blue light produces chlorine radicals. We attempted similar experiments to 
see if our isolated NiIII complexes could also produce chlorine radicals. Complexes 1+ and 4+ were 
exposed to either 470 nm blue or 405 nm UV LEDs in THF with 2-chlorotoluene present. There 
were no new C-C or C-X products observed by GC-MS leading us to believe that that for our 
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NiIIICl2 systems, irradiation with either UV or blue LEDs does not produce chlorine radicals. It 
could be due to the fact that our system uses a tetradentate ligand whereas their system uses a 
bidentate ligand and the former have been shown to be good at stabilization of these complexes 
which could reduce their reactivity. It could also be due to the fact they propose that the chlorine 
radical is produced form a NiIIICl(aryl) species instead of a NiIIICl2. The only real insight we could 
gain into this mechanism from our systems is that either excessive stabilization of the NiIII 
complexes prevents production of chlorine radicals. 
 
Scheme 5.5 Potential catalytic cycle if our NiIII complexes produced chlorine radicals when 
exposed to blue LEDs.  
 
 
5.3.6 DFT Calculations on Complexes 1+-4+. 
The optimized geometry was found for the NiIII complexes 1+-4+ using density functional 
theory (DFT) calculations. Comparing the optimized structure of 1+ bond lengths to the x-ray 
crystal structure, the calculated structure has bond lengths that are approximately 0.02-0.03Å 
longer but other than that they seem to be in good agreement. As was seen with the crystal 
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structures of the NiII complexes, the tert-butyl groups cause an axial elongation of ~0.14Å for the 
Ni-Nax bonds for 2+ and 4+. The spin density of the Ni
III complexes are all almost entirely Ni based, 
specifically occupying the dz2 orbital (Figure 5.11) which is supported by EPR. Looking at the 
bond lengths of the optimized geometries, the same trend is present where the tert-butyl groups 
are affecting the Ni-Nax bond lengths which we saw for the Ni
II complexes. We believe that these 
increased bond lengths caused by the steric interactions of the bulky tert-butyl group are the 
primary reason for the destabilization of the high valent NiIII complexes 2+ and 4+. 
                  
 
Figure 5.11 Optimized DFT structures and Mulliken spin densities of 1+-4+ (shown with 0.005 
isodensity contour plot).  
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Table 5.7 Selected bond lengths from DFT optimized structures of 1+-4+. 
Bond 1+ 2+ 3+ 4+ 
Ni(1)-N(1) 1.9234 1.9183 1.921 1.9132 
Ni(1)-N(2) 1.926 1.9194 1.9186 1.913 
Ni(1)-N(3) 2.2203 2.3616 2.2252 2.369 
Ni(1)-N(4) 2.2194 2.3625 2.2235 2.367 
Ni(1)-Cl(1) 2.2435 2.2433 2.2468 2.247 
Ni(1)-Cl(2) 2.244 2.2442 2.246 2.2464 
 
Table 5.8 Mulliken spin densities percent contribution for 1+-4+. 
Atom 1+ 2+ 3+ 4+ 
Ni 0.804 0.798 0.804 0.798 
   dz2 0.686 0.682 0.688 0.685 
   dx2-y2 0.096 0.118 0.114 0.115 
2Nax 0.241 0.254 0.239 0.252 
2Neq 0.00320 0.00343 0.00304 0.00323 
2Cl -0.052 -0.636 -0.513 -0.626 
  
TD-DFT experiments were run to see if the NiIII complexes had any interesting 
spectroscopic transitions. Shown below are the calculated and experimental UV-vis spectra for 
complexes 1+ and 4+ as well as the major transitions that make up these calculated spectra. Looking 
at the specific transitions involved, we can see that the α and β LUMOs are the molecular orbitals 
involved in the largest number of these transitions. We can look at the composition of these MOs 
(Table 5.11) and see that they are mostly metal in character and have σ-antibonding interactions 
with the ligand and/or chlorides. These transitions into σ-antibonding MOs could potentially 
destabilize the complex by cleaving a M-N/Cl bond resulting in a 5-coordinate species. If this were 
to happen we could potentially observe some reactivity when we expose these NiIII complexes to 
blue or UV light, which is close to the wavelengths for many of these transitions that were 
calculated from the TD-DFT experiments.  
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Figure 5.12 Simulated UV-Vis spectra for 1+ and DFT calculated Mulliken spin density (inset, 
shown with 0.005 isodensity contour plot).  (left). Simulated UV-Vis spectra for 4+ and DFT 
calculated Mulliken spin density (inset, shown with 0.005 isodensity contour plot) (right).  
 
Table 5.9 Calculated electronic transitions from TD-DFT for 1+. 
Wavelength 
(nm) 
Osc. 
Strength 
Major contributions 
647.1 0.005 H-13(B)->L+1(B) (39%), HOMO(B)->L+1(B) (33%) 
426.37 0.0076 H-9(A)->LUMO(Α) (45%), H-5(A)->LUMO(Α) (21%) 
406.57 0.0185 H-8(A)->LUMO(Α) (46%) 
347.47 0.0053 H-11(A)->LUMO(Α) (17%), H-8(A)->LUMO(Α) (45%) 
338.52 0.0822 H-13(B)->L+1(B) (18%), HOMO(B)->L+1(B) (44%) 
322.46 0.0178 
H-14(A)->LUMO(Α) (18%), H-12(B)->LUMO(B) 
(43%) 
321.07 0.0452 H-10(A)->LUMO(Α) (31%), H-4(B)->LUMO(B) (17%) 
 
Table 5.10 Calculated electronic transitions from TD-DFT for 4+. 
Wavelength (nm) 
Osc. 
Strength 
Major contributions 
838.13 0.0108 HOMO(B)->LUMO(B) (37%) 
520.7 0.0051 H-5(A)->LUMO(Α) (29%), H-3(A)->LUMO(Α) (29%) 
511.51 0.009 H-3(A)->LUMO(Α) (52%), H-4(B)->L+1(B) (14%) 
437.3 0.0906 HOMO(B)->LUMO(B) (45%) 
389.92 0.0067 H-25(A)->LUMO(Α) (14%), H-3(B)->LUMO(B) (24%) 
386.36 0.0054 H-3(B)->LUMO(B) (24%), H-2(B)->L+1(B) (16%) 
381.27 0.0062 H-9(B)->LUMO(B) (14%), H-3(B)->LUMO(B) (13%) 
372.4 0.0103 H-5(B)->LUMO(B) (75%) 
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Table 5.11 Atomic contributions of α and β LUMOs for complexes 1+ and 4+. Only atoms 
interacting with Ni are shown.  
MO # 
MOs (0.05 isocontour 
value) 
Ni  2N (ax.) 2N (eq.) 2Cl 
1+ α-
LUMO  
 
41 0 18 34 
1+ β-
LUMO  
 
56  0  16  22 
4+ α-
LUMO  
 
44 0 20 30 
4+ β-
LUMO  
 
68  20  3  2 
 
5.4   Conclusion 
 A series of NiII/III complexes supported by various N4 type ligands were synthesized and 
characterized. The ligands were designed such that both steric and electronic effects could be tested 
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with regards to stabilization of high valent NiIII. Substituting the methyl groups for tert-butyl 
groups on the axial amines resulted in longer axial Ni-N bonds. Upon oxidation to NiIII, the tert-
butyl complex would decompose almost immediately at room temperature, whereas the methyl 
complexes were considerably more stable. The addition of a methoxy group to the pyridine rings 
allowed the tert-butyl NiIII complex to be substantially more stable being able to sit at room 
temperature for hours before decomposition. This series of NiIII complexes gives us insight to what 
effects minor alterations in the ligand can do to either stabilize or destabilize these potential 
intermediates in catalytic cycles involving high valent Ni complexes.  
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Chapter 6 
 
Future Directions  
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6.1   Isolation of NiIV Species from Aerobic Oxidation 
 In chapter 4, we looked at the aerobic oxidation of (Me3tacn)NiII(cycloneophyl) that 
formed C-C and to a lesser extent C-O bonds. What is most interesting about this chemistry is the 
proposed NiIVOH intermediate. This complex proved to be very unstable and could only be 
observed at low temperature in the NMR which contained very characteristic peaks reminiscent of 
(Me3tacn)Ni
IV(cycloneophyl)(MeCN) which was much more stable and was isolated and fully 
characterized. Stabilizing this high valent intermediate with groups that can undergo reductive 
elimination to produce either C-C or C-O bonds is not an easy thing to do. One way to isolate the 
intermediate is to substitute the carbon groups for something that is much less prone to reductive 
elimination, but still suitable for stabilizing a high valent NiIV species. Substituting the 
cycloneophyl ligand for two trifluoromethyl groups should be good for this because not only are 
CF3 groups difficult to reductively eliminate,
1-3 but they have been previously used to stabilize 
NiIV species.3-6 
 
 
Figure 6.1 Ligand systems that could potentially increase the stability of a NiIVOH species. 
 
A problem with this might be that the CF3 groups are not as electron donating as the alkyl and aryl 
groups from the cycloneophyl ligand resulting in a lower oxidation potentials for the complex. 
This means aerobic oxidation may not occur and stronger oxidants need to be used such as 
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hydrogen peroxide or peracetic acid. These oxidants should also produce a similar high valent NiIV 
species that should be easier to isolate and fully characterize. One of the downsides of synthesizing 
this complex would be the lack of reactivity that would follow the oxidation. Unless F3C-OH or 
F3C-CF3 bond formation occurs, which itself could prove to be interesting, the complex is trapped 
without any good way of reductively eliminating to form an organic product.  
 
 
Figure 6.2 Oxidation to NiIVOH species using CF3 group to prevent reactivity from occurring.  
 
Another way to stabilize this NiIVOH is by exchanging the Me3tacn ligand for something 
that is more electron donating. A multidentate n-heterocyclic carbene ligand could be used to 
accomplish this. These ligands are neutral, carbon based, and have very strong interactions with 
metal centers. This ligand should offer more electron donation than the Me3tacn which in turn 
should stabilize the Ni complexes when they are oxidized to their high valent intermediates, which 
should be less likely to undergo reductive elimination. This may either prevent the reactivity from 
occurring or at least slow it down enough that the intermediates can be further characterized.
Figure 6.3 Aerobic oxidation to NiIV stabilized by an anionic ligand to help slow down reactivity. 
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6.2   The Effect of Light on High Valent Ni Complexes 
 The photoreactivity of high valent organometallic Ni complexes was also discussed in 
chapter 4. Gaining a better understanding for how these high valent intermediates can interact with 
light is important for developing new catalytic cycles, especially those that involve dual redox 
catalysis where a photocatalyst and light are used to aid in oxidation and regenerating the catalyst.7-
9 In these systems, they do not account for the possibility that light may be playing an additional 
role other than exciting the photocatalyst. To gain a better understanding of to what extent light 
can interact with high valent Ni centers, more of these species need to be studied in the presence 
of light. Our system has shown that NiIV species undergoes reductive elimination to form C-C 
bonds and there have been other reports by the Doyle group where a NiIII interacts with light to 
produce a chlorine radical.10 Both are very different types of chemistry with their own applications 
that utilize light. Our group alone has several high valent organometallic Ni species that could 
potentially be reactive towards light in a similar manner to both what we and Doyle have observed. 
Once a high valent Ni species has been synthesized, it is simple to determine its photoreactivity 
and expanding our scope could lead to finding more high valent Ni complexes with unique 
reactivities towards light ultimately allowing us to develop new catalytic cycles.  
 
Figure 6.4 Other high valent organometallic Ni complexes synthesized in our lab that could be reactive 
towards light.11-13 
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Figure 6.5 Products from exposing high valent NiIIIArCl to blue LEDs which proposes formation of a 
chlorine radical which then allows for coupling to occur between the aryl group and the THF solvent from 
ref.10 
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Appendix A 
 
Select NMR Spectra of Ligands, Metal Complexes, 
and Reactivity 
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NMR spectral data for Me3tacnNiII(cycloneophyl) and Me3tacnNiIV(cycloneophyl). 
Label 1H Shift (ppm) 
A 2.105 
B 1.916 
C 7.300-7.040 
D 2.180 
E 3.947-2.476 
 
 
Figure A1. 1H NMR shifts for complex Me3tacnNi
II(cycloneophyl).  
 
Note: Due to the fluxionality of the Me3tacn ligand in Me3tacnNi
II(cycloneophyl), severe 
broadening was observed for both the 1H and 13C NMR spectra. This resulted in less accurate 
integrations for the spectra observed. In addition, a broad NMR spectrum was also observed at -
35 °C in CD3CN (Figure A4), suggesting that rapid exchange between the bound and unbound N-
donors occurs also at low temperature. 
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Figure A2. 1H NMR Spectrum of Me3tacnNi
II(cycloneophyl) in C6D6 (300 MHz).  
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Figure A3. 13C NMR Spectrum of Me3tacnNi
II(cycloneophyl) in C6D6 (500 MHz).  
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Figure A4. 1H NMR Spectrum of Me3tacnNi
II(cycloneophyl) in CD3CN at -35° C (300 MHz).  
p
p
m
 (f1
)
2
.0
3
.0
4
.0
5
.0
6
.0
7
.0
6.944
6.534
2.613
2.549
2.262
2.068
2.00
6.79
2.65
6.08
22.23
126 
 
Label 1H Shift (ppm)  Label 13C Shift (ppm) 
A 5.529, 5.522  a 92.904 
B 1.480, 1.394  b 47.04 
C 6.992  c 31.881, 29.286 
D 7.106  d 154.368 
E 7.217  e 127.911 
F 7.317  f 129.102 
G 3.150, 2.959, 2.022  g 128.973 
H 3.400-2.960  h 129.254 
   i 156.773 
   j 54.164, 50.355, 49.695 
   k 67.153, 63.231, 60.947, 58.087, 57.070, 52.768 
 
A) B)  
Figure A5. 1H NMR shifts (A) and 13C NMR shifts (B) for [Me3tacnNi
IV(cycloneophyl)](BF4)2. 
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Figure A6. 1H NMR Spectrum of [Me3tacnNi
IV(cycloneophyl)](BF4)2 in CD3CN (500 MHz at -
15 °C). 
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Figure A7. 1H NMR Spectrum of [Me3tacnNi
IV(cycloneophyl)](BF4)2 in CD3CN (500 MHz at -
15 °C). 
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Figure A8. 13C NMR Spectrum of [Me3tacnNi
IV(cycloneophyl)](BF4)2 in CD3CN (500 MHz at -
15 °C). 
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Figure A9. 13C NMR Spectrum of [Me3tacnNi
IV(cycloneophyl)](BF4)2 in CD3CN (500 MHz at -
15 °C). 
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Figure A10. COSY NMR Spectrum of [Me3tacnNi
IV(cycloneophyl)](BF4)2 in CD3CN (500 MHz 
at -15 °C) 
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Figure A11. HSQC NMR Spectrum of [Me3tacnNi
IV(cycloneophyl)](BF4)2 in CD3CN (500 MHz 
at -15 °C) 
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Figure A12. HMBC NMR Spectrum of [Me3tacnNi
IV(cycloneophyl)](BF4)2 in CD3CN (500 MHz 
at -15 °C) 
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Reactivity of Me3tacnNiII(cycloneophyl) with MeI. 
 
Figure A13. 1H NMR of Me3tacnNi
II(cycloneophyl) + MeI at -35 °C. 
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Figure A14. 1H NMR of Me3tacnNi
II(cycloneophyl) + MeI at RT for 1 day. 
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Aerobic Reactivity with Me3tacnNiII(cycloneophyl). 
 
Figure A15. 1H NMR of Me3tacnNi
II(cycloneophyl) + O2 in 10% D2O/CD3CN after 10 minutes 
at room temperature (300 MHz). Labels used are the same as for the C-X bond formation 
reactivity.  
 
 
Figure A16. Legend for 1H NMR reactivity. Trimethoxybenzene was used as internal standard.  
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Label Chemical Shift (ppm) 
A 5.178, 4.951 
B 1.390, 1.344 
C 7.673, 7.125, 7.043, 6.927 
D 2.968, 2.637, 2.248 
E 3.700-2.160 
 
Figure A17. Chemical shift assignment for proposed NiIV-X species. 
138 
 
 
Figure A18. 1H NMR of Me3tacnNi
II(cycloneophyl) + O2 in 10% D2O/d
6-acetone at -30 °C (300 
MHz).  
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Nucleophilic addition to [Me3tacnNiIII(cycloneophyl)]PF6 and 
[Me3tacnNiIV(cycloneophyl)](BF4)2 
 
Figure A19. Legend for 1H NMR reactivity. Trimethoxybenzene was used as internal standard.  
 
Figure A20. 1H NMR of [Me3tacnNi
III(cycloneophyl)]PF6 after 3 h at 80 °C. 
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Figure A21. 1H NMR of [Me3tacnNi
III(cycloneophyl)]PF6 + 
AcFcBF4 after 3 h at 80 °C. 
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Figure A22. 1H NMR of [Me3tacnNi
III(cycloneophyl)]PF6 + (Me4N)NHMs after 3 h at 80 °C. 
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Figure A23. 1H NMR of [Me3tacnNi
III(cycloneophyl)]PF6 + 
AcFcBF4 + (Me4N)NHMs after 3 h at 
80 °C. 
  
143 
 
 
Figure A24. 1H NMR of [Me3tacnNi
III(cycloneophyl)]PF6 + (nBu4N)OAc after 3 h at 80 °C. 
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Figure A25. 1H NMR of [Me3tacnNi
III(cycloneophyl)]PF6 + 
AcFcBF4 + (nBu4N)OAc after 3 h at 
80 °C. 
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Figure A26. 1H NMR of [Me3tacnNi
III(cycloneophyl)]PF6 + (Et4N)OH after 3 h at 80 °C. 
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Figure A27. 1H NMR of [Me3tacnNi
III(cycloneophyl)]PF6 + 
AcFcBF4 + (Et4N)OH after 3 h at 80 
°C. 
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Figure A28. 1H NMR of [Me3tacnNi
III(cycloneophyl)]PF6 + (Et4N)Cl after 3 h at 80 °C.
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Figure A29. 1H NMR of [Me3tacnNi
III(cycloneophyl)]PF6 + 
AcFcBF4 + (Et4N)Cl after 3 h at 80 
°C. 
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Figure A30. 1H NMR of [Me3tacnNi
III(cycloneophyl)]PF6 + (nBu4N)N3 after 3 h at 80 °C. 
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Figure A31. 1H NMR of [Me3tacnNi
III(cycloneophyl)]PF6 + 
AcFcBF4 + (nBu4N)N3 after 3 h at 80 
°C. 
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Appendix B 
 
X-ray Diffraction Crystal Data of Transition Metal 
Complexes 
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NOTE: For all crystal structures, bond lengths are given in Å and angles are given in degrees. 
Structure Determination of MeN4Ni(II)Cl2 
Table B1  Crystal data and structure refinement for l19312. 
Identification code  l19312/lt/FT-082912-NiCl2  
Empirical formula  C20 H26 Cl2 N6 Ni 
Formula weight  480.08 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Orthorhombic 
Space group  Amm2 
Unit cell dimensions a = 9.5436(8) Å α= 90°. 
 b = 9.7806(8) Å β= 90°. 
 c = 11.8885(10) Å γ = 90°. 
Volume 1109.70(16) Å3 
Z 2 
Density (calculated) 1.437 Mg/m3 
Absorption coefficient 1.134 mm-1 
F(000) 500 
Crystal size 0.39 x 0.20 x 0.07 mm3 
Theta range for data collection 2.13 to 32.02°. 
Index ranges -14≤h≤14, -14≤k≤14, -17≤l≤17 
Reflections collected 21147 
Independent reflections 2115 [R(int) = 0.0362] 
Completeness to theta = 32.02° 98.9 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9259 and 0.6694 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 2115 / 47 / 90 
Goodness-of-fit on F2 1.050 
Final R indices [I>2sigma(I)] R1 = 0.0335, wR2 = 0.0840 
R indices (all data) R1 = 0.0349, wR2 = 0.0854 
Absolute structure parameter 0.014(17) 
Largest diff. peak and hole 0.541 and -0.435 e.Å-3 
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Table B2  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 
103) 
for l19312.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
______________________________________________________________________________
__  
 x y z U(eq) 
______________________________________________________________________________
__   
Ni(1) 0 5000 6382(1) 13(1) 
Cl(1) 1786(1) 5000 4990(1) 31(1) 
N(1) -1425(3) 5000 7631(2) 17(1) 
N(2) 0 2839(3) 6822(3) 27(1) 
C(1) -1832(2) 3813(3) 8066(2) 28(1) 
C(2) -1292(3) 2572(3) 7470(3) 42(1) 
C(3) -2741(3) 3783(4) 8985(2) 49(1) 
C(4) -3186(4) 5000 9439(3) 49(1) 
C(5) 0 1993(5) 5797(6) 70(2) 
N(1S) 5000 2392(5) 6174(5) 38(2) 
C(1S) 5000 3567(4) 6321(6) 24(1) 
C(2S) 5000 5000 6558(4) 25(1) 
N(2S) 5000 1592(7) 6568(6) 57(2) 
C(1S') 5000 873(7) 7357(5) 32(1) 
C(2S') 5000 0 8359(4) 37(1) 
______________________________________________________________________________
__ 
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 Table B3.   Bond lengths [Å] and angles [°] for  l19312. 
_____________________________________________________  
Ni(1)-N(1)  2.013(3) 
Ni(1)-N(1)#1  2.013(3) 
Ni(1)-N(2)#1  2.177(3) 
Ni(1)-N(2)  2.177(3) 
Ni(1)-Cl(1)#1  2.3764(8) 
Ni(1)-Cl(1)  2.3764(8) 
N(1)-C(1)#2  1.329(3) 
N(1)-C(1)  1.329(3) 
N(2)-C(5)  1.473(6) 
N(2)-C(2)  1.477(3) 
N(2)-C(2)#3  1.477(3) 
C(1)-C(3)  1.396(3) 
C(1)-C(2)  1.497(4) 
C(2)-H(2A)  0.9900 
C(2)-H(2B)  0.9900 
C(3)-C(4)  1.374(4) 
C(3)-H(3)  0.9500 
C(4)-C(3)#2  1.374(5) 
C(4)-H(4)  0.9500 
C(5)-H(5A)  0.9800 
C(5)-H(5B)  0.9800 
C(5)-H(5C)  0.9800 
N(1S)-C(1S)  1.163(5) 
C(1S)-C(2S)  1.429(4) 
C(2S)-C(1S)#4  1.429(4) 
N(2S)-C(1S')  1.173(5) 
C(1S')-C(2S')  1.466(5) 
C(1S')-C(1S')#5  1.707(13) 
C(2S')-C(1S')#5  1.466(5) 
 
N(1)-Ni(1)-N(1)#1 84.98(14) 
N(1)-Ni(1)-N(2)#1 79.80(6) 
N(1)#1-Ni(1)-N(2)#1 79.80(6) 
N(1)-Ni(1)-N(2) 79.80(6) 
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N(1)#1-Ni(1)-N(2) 79.80(6) 
N(2)#1-Ni(1)-N(2) 152.22(16) 
N(1)-Ni(1)-Cl(1)#1 91.67(7) 
N(1)#1-Ni(1)-Cl(1)#1 176.66(7) 
N(2)#1-Ni(1)-Cl(1)#1 99.63(5) 
N(2)-Ni(1)-Cl(1)#1 99.63(5) 
N(1)-Ni(1)-Cl(1) 176.65(7) 
N(1)#1-Ni(1)-Cl(1) 91.67(7) 
N(2)#1-Ni(1)-Cl(1) 99.63(5) 
N(2)-Ni(1)-Cl(1) 99.63(5) 
Cl(1)#1-Ni(1)-Cl(1) 91.67(4) 
C(1)#2-N(1)-C(1) 121.8(3) 
C(1)#2-N(1)-Ni(1) 118.96(15) 
C(1)-N(1)-Ni(1) 118.96(15) 
C(5)-N(2)-C(2) 109.4(2) 
C(5)-N(2)-C(2)#3 109.4(2) 
C(2)-N(2)-C(2)#3 113.2(3) 
C(5)-N(2)-Ni(1) 110.3(3) 
C(2)-N(2)-Ni(1) 107.27(15) 
C(2)#3-N(2)-Ni(1) 107.27(15) 
N(1)-C(1)-C(3) 120.3(3) 
N(1)-C(1)-C(2) 115.1(2) 
C(3)-C(1)-C(2) 124.6(3) 
N(2)-C(2)-C(1) 113.0(2) 
N(2)-C(2)-H(2A) 109.0 
C(1)-C(2)-H(2A) 109.0 
N(2)-C(2)-H(2B) 109.0 
C(1)-C(2)-H(2B) 109.0 
H(2A)-C(2)-H(2B) 107.8 
C(4)-C(3)-C(1) 118.8(3) 
C(4)-C(3)-H(3) 120.6 
C(1)-C(3)-H(3) 120.6 
C(3)-C(4)-C(3)#2 120.0(3) 
C(3)-C(4)-H(4) 120.0 
C(3)#2-C(4)-H(4) 120.0 
N(2)-C(5)-H(5A) 109.5 
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N(2)-C(5)-H(5B) 109.5 
H(5A)-C(5)-H(5B) 109.5 
N(2)-C(5)-H(5C) 109.5 
H(5A)-C(5)-H(5C) 109.5 
H(5B)-C(5)-H(5C) 109.5 
N(1S)-C(1S)-C(2S) 177.3(8) 
C(1S)#4-C(2S)-C(1S) 157.3(7) 
N(2S)-C(1S')-C(2S') 178.7(8) 
N(2S)-C(1S')-C(1S')#5 126.9(5) 
C(2S')-C(1S')-C(1S')#5 54.4(3) 
C(1S')#5-C(2S')-C(1S') 71.2(6) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x,-y+1,z    #2 x,-y+1,z    #3 -x,y,z    #4 -x+1,-y+1,z       
#5 -x+1,-y,z       
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 Table B4.   Anisotropic displacement parameters  (Å2x 103) for l19312.  The anisotropic 
displacement factor exponent takes the form:  -2 2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
Ni(1) 15(1)  14(1) 11(1)  0 0  0 
Cl(1) 18(1)  58(1) 17(1)  0 3(1)  0 
N(1) 17(1)  21(1) 14(1)  0 -2(1)  0 
N(2) 35(1)  12(1) 34(1)  -4(1) 0  0 
C(1) 20(1)  39(1) 25(1)  16(1) -1(1)  -6(1) 
C(2) 38(1)  22(1) 67(2)  14(1) 4(1)  -10(1) 
C(3) 21(1)  99(2) 26(1)  27(1) 3(1)  -10(1) 
C(4) 21(1)  99(2) 26(1)  27(1) 3(1)  -10(1) 
C(5) 99(4)  35(2) 77(3)  -36(2) 0  0 
N(1S) 47(3)  34(3) 33(4)  0(2) 0  0 
C(1S) 22(2)  32(2) 17(2)  0(3) 0  0 
C(2S) 20(2)  33(2) 20(2)  0 0  0 
N(2S) 84(6)  33(3) 53(5)  1(3) 0  0 
C(1S') 27(3)  31(3) 37(3)  -2(3) 0  0 
C(2S') 26(2)  59(3) 24(2)  0 0  0 
______________________________________________________________________________  
 
 Table B5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for l19312. 
______________________________________________________________________________
__  
 x  y  z  U(eq) 
______________________________________________________________________________
__  
  
H(2A) -1102 1847 8031 50 
H(2B) -2024 2229 6953 50 
H(3) -3046 2937 9292 58 
H(4) -3803 5000 10067 58 
H(5A) 0 2587 5133 84 
H(5B) -838 1415 5788 84 
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H(5C) 838 1415 5788 84 
______________________________________________________________________________
__ 
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 Table B6.  Torsion angles [°] for l19312. 
________________________________________________________________  
N(1)#1-Ni(1)-N(1)-C(1)#2 86.93(19) 
N(2)#1-Ni(1)-N(1)-C(1)#2 6.42(19) 
N(2)-Ni(1)-N(1)-C(1)#2 167.5(2) 
Cl(1)#1-Ni(1)-N(1)-C(1)#2 -93.07(19) 
N(1)#1-Ni(1)-N(1)-C(1) -86.93(19) 
N(2)#1-Ni(1)-N(1)-C(1) -167.5(2) 
N(2)-Ni(1)-N(1)-C(1) -6.42(19) 
Cl(1)#1-Ni(1)-N(1)-C(1) 93.07(19) 
N(1)-Ni(1)-N(2)-C(5) 136.66(7) 
N(1)#1-Ni(1)-N(2)-C(5) -136.66(7) 
N(2)#1-Ni(1)-N(2)-C(5) 180.0 
Cl(1)#1-Ni(1)-N(2)-C(5) 46.69(2) 
Cl(1)-Ni(1)-N(2)-C(5) -46.69(2) 
N(1)-Ni(1)-N(2)-C(2) 17.6(2) 
N(1)#1-Ni(1)-N(2)-C(2) 104.3(2) 
N(2)#1-Ni(1)-N(2)-C(2) 60.93(19) 
Cl(1)#1-Ni(1)-N(2)-C(2) -72.4(2) 
Cl(1)-Ni(1)-N(2)-C(2) -165.76(19) 
N(1)-Ni(1)-N(2)-C(2)#3 -104.3(2) 
N(1)#1-Ni(1)-N(2)-C(2)#3 -17.6(2) 
N(2)#1-Ni(1)-N(2)-C(2)#3 -60.93(19) 
Cl(1)#1-Ni(1)-N(2)-C(2)#3 165.76(19) 
Cl(1)-Ni(1)-N(2)-C(2)#3 72.4(2) 
C(1)#2-N(1)-C(1)-C(3) 1.7(4) 
Ni(1)-N(1)-C(1)-C(3) 175.36(19) 
C(1)#2-N(1)-C(1)-C(2) 179.4(2) 
Ni(1)-N(1)-C(1)-C(2) -6.9(3) 
C(5)-N(2)-C(2)-C(1) -145.7(3) 
C(2)#3-N(2)-C(2)-C(1) 92.1(3) 
Ni(1)-N(2)-C(2)-C(1) -26.0(3) 
N(1)-C(1)-C(2)-N(2) 23.0(3) 
C(3)-C(1)-C(2)-N(2) -159.3(2) 
N(1)-C(1)-C(3)-C(4) -0.9(4) 
C(2)-C(1)-C(3)-C(4) -178.4(3) 
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C(1)-C(3)-C(4)-C(3)#2 0.2(5) 
________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x,-y+1,z    #2 x,-y+1,z    #3 -x,y,z    #4 -x+1,-y+1,z       
#5 -x+1,-y,z       
 
 Projection view with 50% thermal ellipsoids- solvent MeCN omitted: 
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Structure Determination of MeN4NiOMe(II)Cl2 
  Table B7. Crystal data and structure refinement for lm9712. 
Identification code  l9712/lt/FT-041812 
Empirical formula  C37 H50 Cl6 N8 Ni2 O4 
Formula weight  1000.97 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  C2/c 
Unit cell dimensions a = 27.0626(13) Å α= 90°. 
 b = 10.9257(5) Å β= 95.949(2)°. 
 c = 15.3801(6) Å γ = 90°. 
Volume 4523.1(3) Å3 
Z 4 
Density (calculated) 1.470 Mg/m3 
Absorption coefficient 1.234 mm-1 
F(000) 2072 
Crystal size 0.32 x 0.05 x 0.04 mm3 
Theta range for data collection 2.01 to 26.41°. 
Index ranges -33≤h≤33, -13≤k≤13, -19≤l≤19 
Reflections collected 37049 
Independent reflections 4622 [R(int) = 0.0758] 
Completeness to theta = 25.00° 99.7 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9477 and 0.6906 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4622 / 0 / 262 
Goodness-of-fit on F2 1.000 
Final R indices [I>2sigma(I)] R1 = 0.0409, wR2 = 0.0896 
R indices (all data) R1 = 0.0737, wR2 = 0.1044 
Largest diff. peak and hole 0.510 and -0.443 e.Å-3 
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 Table B8.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 
103) 
for lm9712.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 
______________________________________________________________________________
__  
 x y z U(eq) 
______________________________________________________________________________
__   
Ni(1) 3645(1) 4005(1) 5216(1) 25(1) 
Cl(1) 2931(1) 4973(1) 5606(1) 31(1) 
Cl(2) 4172(1) 4741(1) 6462(1) 32(1) 
Cl(3) 4649(1) 1591(1) 8144(1) 66(1) 
O(1) 2883(1) 1258(2) 1901(1) 39(1) 
O(2) 5332(1) 1197(2) 3779(2) 46(1) 
N(1) 3286(1) 3226(2) 4129(2) 25(1) 
N(2) 4236(1) 3158(2) 4798(2) 27(1) 
N(3) 3841(1) 5311(2) 4215(2) 26(1) 
N(4) 3526(1) 2116(2) 5702(2) 28(1) 
C(1) 3148(1) 2049(3) 4164(2) 25(1) 
C(2) 3014(1) 1386(3) 3414(2) 29(1) 
C(3) 3026(1) 1965(3) 2610(2) 28(1) 
C(4) 3185(1) 3173(3) 2574(2) 27(1) 
C(5) 3314(1) 3769(3) 3360(2) 25(1) 
C(6) 3480(1) 5089(3) 3424(2) 29(1) 
C(7) 4360(1) 5036(3) 4048(2) 31(1) 
C(8) 4500(1) 3716(3) 4227(2) 27(1) 
C(9) 4882(1) 3130(3) 3862(2) 29(1) 
C(10) 4966(1) 1896(3) 4070(2) 33(1) 
C(11) 4658(1) 1305(3) 4599(2) 37(1) 
C(12) 4306(1) 1970(3) 4979(2) 31(1) 
C(13) 4001(1) 1465(3) 5668(2) 34(1) 
C(14) 3130(1) 1570(3) 5082(2) 31(1) 
C(15) 3802(1) 6608(3) 4480(2) 32(1) 
C(16) 3370(1) 2057(3) 6599(2) 36(1) 
C(17) 2844(1) 1846(3) 1060(2) 43(1) 
C(18) 5664(1) 1765(3) 3227(2) 42(1) 
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C(19) 5000 2509(5) 7500 54(2) 
______________________________________________________________________________
__  
 
 Table B9  Bond lengths [Å] and angles [°] for  lm9712. 
_____________________________________________________  
Ni(1)-N(2)  2.010(3) 
Ni(1)-N(1)  2.032(2) 
Ni(1)-N(3)  2.204(2) 
Ni(1)-N(4)  2.231(2) 
Ni(1)-Cl(1)  2.3341(9) 
Ni(1)-Cl(2)  2.4066(8) 
Cl(3)-C(19)  1.756(3) 
O(1)-C(3)  1.360(3) 
O(1)-C(17)  1.438(4) 
O(2)-C(10)  1.363(4) 
O(2)-C(18)  1.438(4) 
N(1)-C(5)  1.333(4) 
N(1)-C(1)  1.342(4) 
N(2)-C(8)  1.336(4) 
N(2)-C(12)  1.337(4) 
N(3)-C(15)  1.481(4) 
N(3)-C(7)  1.483(4) 
N(3)-C(6)  1.498(3) 
N(4)-C(13)  1.475(4) 
N(4)-C(14)  1.484(4) 
N(4)-C(16)  1.485(4) 
C(1)-C(2)  1.379(4) 
C(1)-C(14)  1.510(4) 
C(2)-C(3)  1.391(4) 
C(2)-H(2)  0.9500 
C(3)-C(4)  1.391(4) 
C(4)-C(5)  1.385(4) 
C(4)-H(4)  0.9500 
C(5)-C(6)  1.511(4) 
C(6)-H(6A)  0.9900 
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C(6)-H(6B)  0.9900 
C(7)-C(8)  1.510(4) 
C(7)-H(7A)  0.9900 
C(7)-H(7B)  0.9900 
C(8)-C(9)  1.382(4) 
C(9)-C(10)  1.398(4) 
C(9)-H(9)  0.9500 
C(10)-C(11)  1.385(5) 
C(11)-C(12)  1.374(5) 
C(11)-H(11)  0.9500 
C(12)-C(13)  1.515(4) 
C(13)-H(13A)  0.9900 
C(13)-H(13B)  0.9900 
C(14)-H(14A)  0.9900 
C(14)-H(14B)  0.9900 
C(15)-H(15A)  0.9800 
C(15)-H(15B)  0.9800 
C(15)-H(15C)  0.9800 
C(16)-H(16A)  0.9800 
C(16)-H(16B)  0.9800 
C(16)-H(16C)  0.9800 
C(17)-H(17A)  0.9800 
C(17)-H(17B)  0.9800 
C(17)-H(17C)  0.9800 
C(18)-H(18A)  0.9800 
C(18)-H(18B)  0.9800 
C(18)-H(18C)  0.9800 
C(19)-Cl(3)#1  1.756(3) 
C(19)-H(19A)  0.9900 
C(19)-H(19B)  0.9900 
 
N(2)-Ni(1)-N(1) 82.72(10) 
N(2)-Ni(1)-N(3) 79.49(9) 
N(1)-Ni(1)-N(3) 80.00(9) 
N(2)-Ni(1)-N(4) 80.14(10) 
N(1)-Ni(1)-N(4) 79.28(9) 
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N(3)-Ni(1)-N(4) 152.51(9) 
N(2)-Ni(1)-Cl(1) 176.15(7) 
N(1)-Ni(1)-Cl(1) 93.62(7) 
N(3)-Ni(1)-Cl(1) 98.76(7) 
N(4)-Ni(1)-Cl(1) 100.40(7) 
N(2)-Ni(1)-Cl(2) 89.01(7) 
N(1)-Ni(1)-Cl(2) 171.59(8) 
N(3)-Ni(1)-Cl(2) 100.04(6) 
N(4)-Ni(1)-Cl(2) 97.85(6) 
Cl(1)-Ni(1)-Cl(2) 94.68(3) 
C(3)-O(1)-C(17) 117.2(2) 
C(10)-O(2)-C(18) 118.1(3) 
C(5)-N(1)-C(1) 120.3(2) 
C(5)-N(1)-Ni(1) 118.42(19) 
C(1)-N(1)-Ni(1) 118.67(18) 
C(8)-N(2)-C(12) 120.3(3) 
C(8)-N(2)-Ni(1) 119.9(2) 
C(12)-N(2)-Ni(1) 118.8(2) 
C(15)-N(3)-C(7) 109.8(2) 
C(15)-N(3)-C(6) 108.6(2) 
C(7)-N(3)-C(6) 112.1(2) 
C(15)-N(3)-Ni(1) 113.37(18) 
C(7)-N(3)-Ni(1) 106.90(17) 
C(6)-N(3)-Ni(1) 106.15(17) 
C(13)-N(4)-C(14) 110.9(3) 
C(13)-N(4)-C(16) 110.1(2) 
C(14)-N(4)-C(16) 108.9(2) 
C(13)-N(4)-Ni(1) 106.09(18) 
C(14)-N(4)-Ni(1) 106.05(17) 
C(16)-N(4)-Ni(1) 114.61(18) 
N(1)-C(1)-C(2) 121.2(3) 
N(1)-C(1)-C(14) 113.9(3) 
C(2)-C(1)-C(14) 124.7(3) 
C(1)-C(2)-C(3) 118.5(3) 
C(1)-C(2)-H(2) 120.7 
C(3)-C(2)-H(2) 120.7 
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O(1)-C(3)-C(2) 115.1(3) 
O(1)-C(3)-C(4) 124.8(3) 
C(2)-C(3)-C(4) 120.1(3) 
C(5)-C(4)-C(3) 117.6(3) 
C(5)-C(4)-H(4) 121.2 
C(3)-C(4)-H(4) 121.2 
N(1)-C(5)-C(4) 122.1(3) 
N(1)-C(5)-C(6) 114.3(2) 
C(4)-C(5)-C(6) 123.5(3) 
N(3)-C(6)-C(5) 111.8(2) 
N(3)-C(6)-H(6A) 109.3 
C(5)-C(6)-H(6A) 109.3 
N(3)-C(6)-H(6B) 109.3 
C(5)-C(6)-H(6B) 109.3 
H(6A)-C(6)-H(6B) 107.9 
N(3)-C(7)-C(8) 112.8(2) 
N(3)-C(7)-H(7A) 109.0 
C(8)-C(7)-H(7A) 109.0 
N(3)-C(7)-H(7B) 109.0 
C(8)-C(7)-H(7B) 109.0 
H(7A)-C(7)-H(7B) 107.8 
N(2)-C(8)-C(9) 121.9(3) 
N(2)-C(8)-C(7) 114.4(3) 
C(9)-C(8)-C(7) 123.6(3) 
C(8)-C(9)-C(10) 117.7(3) 
C(8)-C(9)-H(9) 121.2 
C(10)-C(9)-H(9) 121.2 
O(2)-C(10)-C(11) 115.7(3) 
O(2)-C(10)-C(9) 124.9(3) 
C(11)-C(10)-C(9) 119.4(3) 
C(12)-C(11)-C(10) 119.2(3) 
C(12)-C(11)-H(11) 120.4 
C(10)-C(11)-H(11) 120.4 
N(2)-C(12)-C(11) 121.0(3) 
N(2)-C(12)-C(13) 115.0(3) 
C(11)-C(12)-C(13) 123.8(3) 
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N(4)-C(13)-C(12) 113.0(2) 
N(4)-C(13)-H(13A) 109.0 
C(12)-C(13)-H(13A) 109.0 
N(4)-C(13)-H(13B) 109.0 
C(12)-C(13)-H(13B) 109.0 
H(13A)-C(13)-H(13B) 107.8 
N(4)-C(14)-C(1) 111.7(2) 
N(4)-C(14)-H(14A) 109.3 
C(1)-C(14)-H(14A) 109.3 
N(4)-C(14)-H(14B) 109.3 
C(1)-C(14)-H(14B) 109.3 
H(14A)-C(14)-H(14B) 107.9 
N(3)-C(15)-H(15A) 109.5 
N(3)-C(15)-H(15B) 109.5 
H(15A)-C(15)-H(15B) 109.5 
N(3)-C(15)-H(15C) 109.5 
H(15A)-C(15)-H(15C) 109.5 
H(15B)-C(15)-H(15C) 109.5 
N(4)-C(16)-H(16A) 109.5 
N(4)-C(16)-H(16B) 109.5 
H(16A)-C(16)-H(16B) 109.5 
N(4)-C(16)-H(16C) 109.5 
H(16A)-C(16)-H(16C) 109.5 
H(16B)-C(16)-H(16C) 109.5 
O(1)-C(17)-H(17A) 109.5 
O(1)-C(17)-H(17B) 109.5 
H(17A)-C(17)-H(17B) 109.5 
O(1)-C(17)-H(17C) 109.5 
H(17A)-C(17)-H(17C) 109.5 
H(17B)-C(17)-H(17C) 109.5 
O(2)-C(18)-H(18A) 109.5 
O(2)-C(18)-H(18B) 109.5 
H(18A)-C(18)-H(18B) 109.5 
O(2)-C(18)-H(18C) 109.5 
H(18A)-C(18)-H(18C) 109.5 
H(18B)-C(18)-H(18C) 109.5 
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Cl(3)-C(19)-Cl(3)#1 110.3(3) 
Cl(3)-C(19)-H(19A) 109.6 
Cl(3)#1-C(19)-H(19A) 109.6 
Cl(3)-C(19)-H(19B) 109.6 
Cl(3)#1-C(19)-H(19B) 109.6 
H(19A)-C(19)-H(19B) 108.1 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x+1,y,-z+3/2       
 
 Table B10   Anisotropic displacement parameters  (Å2x 103) for lm9712.  The anisotropic 
displacement factor exponent takes the form:  -2 2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
Ni(1) 30(1)  25(1) 17(1)  2(1) -8(1)  -3(1) 
Cl(1) 32(1)  33(1) 26(1)  0(1) -6(1)  -1(1) 
Cl(2) 34(1)  37(1) 21(1)  0(1) -10(1)  -7(1) 
Cl(3) 54(1)  94(1) 48(1)  9(1) -2(1)  13(1) 
O(1) 60(2)  33(1) 22(1)  -4(1) -8(1)  -10(1) 
O(2) 36(1)  39(2) 63(2)  12(1) 9(1)  9(1) 
N(1) 32(2)  24(1) 18(1)  3(1) -4(1)  -2(1) 
N(2) 32(2)  26(1) 20(1)  3(1) -9(1)  -6(1) 
N(3) 33(2)  23(1) 20(1)  -1(1) -5(1)  -3(1) 
N(4) 32(2)  30(1) 19(1)  5(1) -8(1)  -4(1) 
C(1) 24(2)  26(2) 24(2)  5(1) -6(1)  -3(1) 
C(2) 35(2)  23(2) 27(2)  0(1) -4(1)  -6(1) 
C(3) 33(2)  29(2) 21(2)  -4(1) -7(1)  -3(1) 
C(4) 33(2)  30(2) 17(1)  4(1) -4(1)  -1(1) 
C(5) 26(2)  27(2) 19(2)  1(1) -8(1)  1(1) 
C(6) 38(2)  28(2) 18(2)  1(1) -9(1)  -3(1) 
C(7) 36(2)  28(2) 28(2)  3(1) -1(1)  -3(2) 
C(8) 28(2)  30(2) 21(2)  3(1) -9(1)  -4(1) 
C(9) 30(2)  31(2) 23(2)  2(1) -6(1)  -6(2) 
C(10) 30(2)  33(2) 35(2)  4(2) -5(2)  2(2) 
C(11) 33(2)  31(2) 45(2)  10(2) -9(2)  2(2) 
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C(12) 28(2)  34(2) 29(2)  5(1) -12(1)  -1(2) 
C(13) 32(2)  31(2) 36(2)  12(2) -5(2)  -2(2) 
C(14) 32(2)  32(2) 26(2)  6(1) -9(1)  -8(2) 
C(15) 45(2)  24(2) 25(2)  -3(1) -3(2)  -2(2) 
C(16) 45(2)  40(2) 20(2)  4(1) -8(1)  -8(2) 
C(17) 63(3)  42(2) 20(2)  -5(2) -7(2)  -11(2) 
C(18) 36(2)  51(2) 37(2)  2(2) 0(2)  9(2) 
C(19) 55(3)  40(3) 62(4)  0 -22(3)  0 
______________________________________________________________________________  
 
 Table B11   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for lm9712. 
______________________________________________________________________________
__  
 x  y  z  U(eq) 
______________________________________________________________________________
__  
  
H(2) 2917 553 3444 35 
H(4) 3205 3574 2031 33 
H(6A) 3638 5310 2893 35 
H(6B) 3187 5622 3451 35 
H(7A) 4588 5570 4422 37 
H(7B) 4401 5229 3431 37 
H(9) 5080 3550 3484 34 
H(11) 4689 449 4699 45 
H(13A) 3932 589 5546 41 
H(13B) 4197 1523 6247 41 
H(14A) 2801 1760 5279 37 
H(14B) 3169 669 5081 37 
H(15A) 4043 6772 4987 48 
H(15B) 3465 6767 4636 48 
H(15C) 3870 7141 3995 48 
H(16A) 3317 1201 6756 53 
H(16B) 3060 2516 6619 53 
H(16C) 3630 2415 7013 53 
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H(17A) 2621 2551 1063 64 
H(17B) 2712 1264 609 64 
H(17C) 3174 2122 933 64 
H(18A) 5477 2015 2676 63 
H(18B) 5923 1181 3106 63 
H(18C) 5817 2486 3522 63 
H(19A) 5225 3041 7883 65 
H(19B) 4775 3041 7117 65 
______________________________________________________________________________
__  
 
Table B12.  Torsion angles [°] for lm9712. 
________________________________________________________________  
N(2)-Ni(1)-N(1)-C(5) -80.8(2) 
N(3)-Ni(1)-N(1)-C(5) -0.2(2) 
N(4)-Ni(1)-N(1)-C(5) -162.0(2) 
Cl(1)-Ni(1)-N(1)-C(5) 98.0(2) 
N(2)-Ni(1)-N(1)-C(1) 81.2(2) 
N(3)-Ni(1)-N(1)-C(1) 161.7(2) 
N(4)-Ni(1)-N(1)-C(1) -0.1(2) 
Cl(1)-Ni(1)-N(1)-C(1) -100.0(2) 
N(1)-Ni(1)-N(2)-C(8) 87.1(2) 
N(3)-Ni(1)-N(2)-C(8) 6.0(2) 
N(4)-Ni(1)-N(2)-C(8) 167.4(2) 
Cl(2)-Ni(1)-N(2)-C(8) -94.4(2) 
N(1)-Ni(1)-N(2)-C(12) -81.4(2) 
N(3)-Ni(1)-N(2)-C(12) -162.6(2) 
N(4)-Ni(1)-N(2)-C(12) -1.1(2) 
Cl(2)-Ni(1)-N(2)-C(12) 97.0(2) 
N(2)-Ni(1)-N(3)-C(15) -139.2(2) 
N(1)-Ni(1)-N(3)-C(15) 136.4(2) 
N(4)-Ni(1)-N(3)-C(15) 177.99(19) 
Cl(1)-Ni(1)-N(3)-C(15) 44.2(2) 
Cl(2)-Ni(1)-N(3)-C(15) -52.2(2) 
N(2)-Ni(1)-N(3)-C(7) -18.15(18) 
N(1)-Ni(1)-N(3)-C(7) -102.51(19) 
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N(4)-Ni(1)-N(3)-C(7) -60.9(3) 
Cl(1)-Ni(1)-N(3)-C(7) 165.33(17) 
Cl(2)-Ni(1)-N(3)-C(7) 68.95(17) 
N(2)-Ni(1)-N(3)-C(6) 101.63(19) 
N(1)-Ni(1)-N(3)-C(6) 17.27(19) 
N(4)-Ni(1)-N(3)-C(6) 58.9(3) 
Cl(1)-Ni(1)-N(3)-C(6) -74.89(18) 
Cl(2)-Ni(1)-N(3)-C(6) -171.28(17) 
N(2)-Ni(1)-N(4)-C(13) 15.71(18) 
N(1)-Ni(1)-N(4)-C(13) 100.08(19) 
N(3)-Ni(1)-N(4)-C(13) 58.4(3) 
Cl(1)-Ni(1)-N(4)-C(13) -168.17(17) 
Cl(2)-Ni(1)-N(4)-C(13) -71.91(18) 
N(2)-Ni(1)-N(4)-C(14) -102.3(2) 
N(1)-Ni(1)-N(4)-C(14) -17.97(19) 
N(3)-Ni(1)-N(4)-C(14) -59.7(3) 
Cl(1)-Ni(1)-N(4)-C(14) 73.79(19) 
Cl(2)-Ni(1)-N(4)-C(14) 170.05(18) 
N(2)-Ni(1)-N(4)-C(16) 137.5(2) 
N(1)-Ni(1)-N(4)-C(16) -138.2(2) 
N(3)-Ni(1)-N(4)-C(16) -179.9(2) 
Cl(1)-Ni(1)-N(4)-C(16) -46.4(2) 
Cl(2)-Ni(1)-N(4)-C(16) 49.85(19) 
C(5)-N(1)-C(1)-C(2) -2.6(5) 
Ni(1)-N(1)-C(1)-C(2) -164.1(2) 
C(5)-N(1)-C(1)-C(14) -179.6(3) 
Ni(1)-N(1)-C(1)-C(14) 18.8(3) 
N(1)-C(1)-C(2)-C(3) 0.1(5) 
C(14)-C(1)-C(2)-C(3) 176.8(3) 
C(17)-O(1)-C(3)-C(2) 174.5(3) 
C(17)-O(1)-C(3)-C(4) -6.8(5) 
C(1)-C(2)-C(3)-O(1) -179.1(3) 
C(1)-C(2)-C(3)-C(4) 2.1(5) 
O(1)-C(3)-C(4)-C(5) 179.4(3) 
C(2)-C(3)-C(4)-C(5) -1.9(5) 
C(1)-N(1)-C(5)-C(4) 2.8(5) 
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Ni(1)-N(1)-C(5)-C(4) 164.5(2) 
C(1)-N(1)-C(5)-C(6) -179.3(3) 
Ni(1)-N(1)-C(5)-C(6) -17.7(3) 
C(3)-C(4)-C(5)-N(1) -0.6(5) 
C(3)-C(4)-C(5)-C(6) -178.3(3) 
C(15)-N(3)-C(6)-C(5) -152.8(3) 
C(7)-N(3)-C(6)-C(5) 85.7(3) 
Ni(1)-N(3)-C(6)-C(5) -30.6(3) 
N(1)-C(5)-C(6)-N(3) 33.2(4) 
C(4)-C(5)-C(6)-N(3) -148.9(3) 
C(15)-N(3)-C(7)-C(8) 150.7(2) 
C(6)-N(3)-C(7)-C(8) -88.6(3) 
Ni(1)-N(3)-C(7)-C(8) 27.3(3) 
C(12)-N(2)-C(8)-C(9) -5.8(4) 
Ni(1)-N(2)-C(8)-C(9) -174.1(2) 
C(12)-N(2)-C(8)-C(7) 176.5(3) 
Ni(1)-N(2)-C(8)-C(7) 8.2(3) 
N(3)-C(7)-C(8)-N(2) -24.8(4) 
N(3)-C(7)-C(8)-C(9) 157.5(3) 
N(2)-C(8)-C(9)-C(10) 3.8(4) 
C(7)-C(8)-C(9)-C(10) -178.7(3) 
C(18)-O(2)-C(10)-C(11) -179.9(3) 
C(18)-O(2)-C(10)-C(9) 0.9(5) 
C(8)-C(9)-C(10)-O(2) -178.6(3) 
C(8)-C(9)-C(10)-C(11) 2.2(4) 
O(2)-C(10)-C(11)-C(12) 174.5(3) 
C(9)-C(10)-C(11)-C(12) -6.3(5) 
C(8)-N(2)-C(12)-C(11) 1.5(4) 
Ni(1)-N(2)-C(12)-C(11) 170.0(2) 
C(8)-N(2)-C(12)-C(13) 177.3(3) 
Ni(1)-N(2)-C(12)-C(13) -14.3(3) 
C(10)-C(11)-C(12)-N(2) 4.5(5) 
C(10)-C(11)-C(12)-C(13) -170.9(3) 
C(14)-N(4)-C(13)-C(12) 87.8(3) 
C(16)-N(4)-C(13)-C(12) -151.5(3) 
Ni(1)-N(4)-C(13)-C(12) -26.9(3) 
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N(2)-C(12)-C(13)-N(4) 28.7(4) 
C(11)-C(12)-C(13)-N(4) -155.6(3) 
C(13)-N(4)-C(14)-C(1) -82.6(3) 
C(16)-N(4)-C(14)-C(1) 156.0(3) 
Ni(1)-N(4)-C(14)-C(1) 32.1(3) 
N(1)-C(1)-C(14)-N(4) -35.1(4) 
C(2)-C(1)-C(14)-N(4) 148.0(3) 
________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x+1,y,-z+3/2       
 
 Projection view with 50% thermal ellipsoids: 
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Structure Determination of tBuN4OMeNi(II)Cl2 
  Table B13.  Crystal data and structure refinement for l15416_sq. 
Identification code  l15416_sq/lt/x8/MW-6-015 
Empirical formula  C25 H38 Cl4 N4 Ni O2 
Formula weight  627.10 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/c 
Unit cell dimensions a = 11.5709(8) Å α= 90°. 
 b = 13.4094(9) Å β= 98.582(4)°. 
 c = 19.7007(15) Å γ = 90°. 
Volume 3022.5(4) Å3 
Z 4 
Density (calculated) 1.378 Mg/m3 
Absorption coefficient 1.024 mm-1 
F(000) 1312 
Crystal size 0.486 x 0.192 x 0.151 mm3 
Theta range for data collection 1.780 to 31.626°. 
Index ranges -16≤h≤17, -19≤k≤19, -28≤l≤29 
Reflections collected 42241 
Independent reflections 10053 [R(int) = 0.0504] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.6952 and 0.6187 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 10053 / 3 / 361 
Goodness-of-fit on F2 1.019 
Final R indices [I>2sigma(I)] R1 = 0.0502, wR2 = 0.1154 
R indices (all data) R1 = 0.0820, wR2 = 0.1329 
Largest diff. peak and hole 0.779 and -1.116 e.Å-3 
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 Table B14.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters 
(Å2x 103) 
for l15416_sq.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 
______________________________________________________________________________
__  
 x y z U(eq) 
______________________________________________________________________________
__   
Ni(1) 1604(1) 5635(1) 2695(1) 19(1) 
Cl(1) 1222(1) 4545(1) 3595(1) 22(1) 
Cl(2) 1450(1) 4345(1) 1863(1) 25(1) 
O(1) 2374(2) 8932(1) 4848(1) 33(1) 
O(2) 2630(2) 8568(1) 500(1) 28(1) 
N(1) 1865(2) 6758(1) 3374(1) 20(1) 
N(2) 1933(2) 6635(1) 1992(1) 20(1) 
N(3) 3686(2) 5807(2) 2862(1) 25(1) 
N(4) -142(2) 6482(1) 2527(1) 17(1) 
C(1) 929(2) 7154(2) 3598(1) 20(1) 
C(2) 1028(2) 7902(2) 4088(1) 23(1) 
C(3) 2142(2) 8230(2) 4355(1) 26(1) 
C(4) 3107(2) 7844(2) 4095(1) 27(1) 
C(5) 2931(2) 7124(2) 3596(1) 23(1) 
C(6) 3892(2) 6791(2) 3203(1) 26(1) 
C(7) 3845(2) 5896(2) 2126(1) 26(1) 
C(8) 2974(2) 6626(2) 1764(1) 21(1) 
C(9) 3213(2) 7276(2) 1264(1) 22(1) 
C(10) 2351(2) 7961(2) 996(1) 22(1) 
C(11) 1304(2) 8001(2) 1262(1) 20(1) 
C(12) 1138(2) 7325(2) 1771(1) 18(1) 
C(13) 110(2) 7409(2) 2156(1) 19(1) 
C(14) -230(2) 6758(2) 3252(1) 20(1) 
C(15) 4465(2) 5010(2) 3239(2) 34(1) 
C(16) 4312(3) 5031(3) 3997(2) 42(1) 
C(17) 5762(2) 5166(3) 3176(2) 43(1) 
C(18) 4079(3) 3990(2) 2944(2) 42(1) 
C(19) -1256(2) 5994(2) 2170(1) 21(1) 
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C(20) -1117(2) 5811(2) 1423(1) 28(1) 
C(21) -2336(2) 6647(2) 2201(2) 27(1) 
C(22) -1413(2) 4984(2) 2504(1) 24(1) 
C(23) 1407(3) 9328(2) 5145(1) 36(1) 
C(24) 1768(3) 9286(2) 219(2) 35(1) 
C(1S) 2888(6) 1959(6) -65(4) 56(2) 
Cl(1S) 4011(2) 2606(2) -327(1) 87(1) 
Cl(2S) 2278(2) 2582(2) 563(1) 99(1) 
C(1S1) 2564(8) 2239(8) -256(5) 37(2) 
Cl(11) 3675(3) 1655(3) 280(2) 100(2) 
Cl(12) 1324(3) 2356(2) 126(2) 65(1) 
______________________________________________________________________________
__  
 
 Table B15.   Bond lengths [Å] and angles [°] for  l15416_sq. 
_____________________________________________________  
Ni(1)-N(2)  2.0051(19) 
Ni(1)-N(1)  2.007(2) 
Ni(1)-N(4)  2.2981(19) 
Ni(1)-Cl(2)  2.3713(7) 
Ni(1)-Cl(1)  2.3891(6) 
Ni(1)-N(3)  2.393(2) 
O(1)-C(3)  1.350(3) 
O(1)-C(23)  1.439(4) 
O(2)-C(10)  1.348(3) 
O(2)-C(24)  1.436(3) 
N(1)-C(5)  1.339(3) 
N(1)-C(1)  1.339(3) 
N(2)-C(12)  1.330(3) 
N(2)-C(8)  1.346(3) 
N(3)-C(6)  1.485(3) 
N(3)-C(7)  1.492(3) 
N(3)-C(15)  1.519(3) 
N(4)-C(13)  1.493(3) 
N(4)-C(14)  1.493(3) 
N(4)-C(19)  1.522(3) 
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C(1)-C(2)  1.385(3) 
C(1)-C(14)  1.507(3) 
C(2)-C(3)  1.389(4) 
C(2)-H(2)  0.9500 
C(3)-C(4)  1.395(4) 
C(4)-C(5)  1.371(4) 
C(4)-H(4)  0.9500 
C(5)-C(6)  1.514(3) 
C(6)-H(6A)  0.9900 
C(6)-H(6B)  0.9900 
C(7)-C(8)  1.506(3) 
C(7)-H(7A)  0.9900 
C(7)-H(7B)  0.9900 
C(8)-C(9)  1.374(3) 
C(9)-C(10)  1.400(4) 
C(9)-H(9)  0.9500 
C(10)-C(11)  1.390(3) 
C(11)-C(12)  1.387(3) 
C(11)-H(11)  0.9500 
C(12)-C(13)  1.508(3) 
C(13)-H(13A)  0.9900 
C(13)-H(13B)  0.9900 
C(14)-H(14A)  0.9900 
C(14)-H(14B)  0.9900 
C(15)-C(18)  1.526(5) 
C(15)-C(16)  1.530(4) 
C(15)-C(17)  1.538(4) 
C(16)-H(16A)  0.9800 
C(16)-H(16B)  0.9800 
C(16)-H(16C)  0.9800 
C(17)-H(17A)  0.9800 
C(17)-H(17B)  0.9800 
C(17)-H(17C)  0.9800 
C(18)-H(18A)  0.9800 
C(18)-H(18B)  0.9800 
C(18)-H(18C)  0.9800 
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C(19)-C(20)  1.524(4) 
C(19)-C(22)  1.528(3) 
C(19)-C(21)  1.535(3) 
C(20)-H(20A)  0.9800 
C(20)-H(20B)  0.9800 
C(20)-H(20C)  0.9800 
C(21)-H(21A)  0.9800 
C(21)-H(21B)  0.9800 
C(21)-H(21C)  0.9800 
C(22)-H(22A)  0.9800 
C(22)-H(22B)  0.9800 
C(22)-H(22C)  0.9800 
C(23)-H(23A)  0.9800 
C(23)-H(23B)  0.9800 
C(23)-H(23C)  0.9800 
C(24)-H(24A)  0.9800 
C(24)-H(24B)  0.9800 
C(24)-H(24C)  0.9800 
C(1S)-Cl(1S)  1.705(8) 
C(1S)-Cl(2S)  1.729(7) 
C(1S)-H(1SA)  0.9900 
C(1S)-H(1SB)  0.9900 
C(1S1)-Cl(12)  1.725(10) 
C(1S1)-Cl(11)  1.725(8) 
C(1S1)-H(1SC)  0.9900 
C(1S1)-H(1SD)  0.9900 
 
N(2)-Ni(1)-N(1) 86.15(8) 
N(2)-Ni(1)-N(4) 79.82(7) 
N(1)-Ni(1)-N(4) 76.49(7) 
N(2)-Ni(1)-Cl(2) 90.75(6) 
N(1)-Ni(1)-Cl(2) 175.11(6) 
N(4)-Ni(1)-Cl(2) 106.70(5) 
N(2)-Ni(1)-Cl(1) 175.57(6) 
N(1)-Ni(1)-Cl(1) 89.43(6) 
N(4)-Ni(1)-Cl(1) 98.82(5) 
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Cl(2)-Ni(1)-Cl(1) 93.67(2) 
N(2)-Ni(1)-N(3) 74.87(8) 
N(1)-Ni(1)-N(3) 77.76(8) 
N(4)-Ni(1)-N(3) 144.79(7) 
Cl(2)-Ni(1)-N(3) 97.78(6) 
Cl(1)-Ni(1)-N(3) 104.54(5) 
C(3)-O(1)-C(23) 117.8(2) 
C(10)-O(2)-C(24) 117.2(2) 
C(5)-N(1)-C(1) 119.9(2) 
C(5)-N(1)-Ni(1) 122.22(16) 
C(1)-N(1)-Ni(1) 117.92(16) 
C(12)-N(2)-C(8) 120.4(2) 
C(12)-N(2)-Ni(1) 119.83(15) 
C(8)-N(2)-Ni(1) 119.69(16) 
C(6)-N(3)-C(7) 109.52(19) 
C(6)-N(3)-C(15) 111.1(2) 
C(7)-N(3)-C(15) 112.4(2) 
C(6)-N(3)-Ni(1) 103.80(14) 
C(7)-N(3)-Ni(1) 98.20(15) 
C(15)-N(3)-Ni(1) 120.72(15) 
C(13)-N(4)-C(14) 107.93(17) 
C(13)-N(4)-C(19) 110.21(18) 
C(14)-N(4)-C(19) 112.03(17) 
C(13)-N(4)-Ni(1) 104.53(13) 
C(14)-N(4)-Ni(1) 99.74(13) 
C(19)-N(4)-Ni(1) 121.30(13) 
N(1)-C(1)-C(2) 122.0(2) 
N(1)-C(1)-C(14) 114.9(2) 
C(2)-C(1)-C(14) 123.1(2) 
C(1)-C(2)-C(3) 118.0(2) 
C(1)-C(2)-H(2) 121.0 
C(3)-C(2)-H(2) 121.0 
O(1)-C(3)-C(2) 124.5(2) 
O(1)-C(3)-C(4) 116.0(2) 
C(2)-C(3)-C(4) 119.4(2) 
C(5)-C(4)-C(3) 118.9(2) 
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C(5)-C(4)-H(4) 120.6 
C(3)-C(4)-H(4) 120.6 
N(1)-C(5)-C(4) 121.6(2) 
N(1)-C(5)-C(6) 115.8(2) 
C(4)-C(5)-C(6) 122.2(2) 
N(3)-C(6)-C(5) 114.4(2) 
N(3)-C(6)-H(6A) 108.7 
C(5)-C(6)-H(6A) 108.7 
N(3)-C(6)-H(6B) 108.7 
C(5)-C(6)-H(6B) 108.7 
H(6A)-C(6)-H(6B) 107.6 
N(3)-C(7)-C(8) 109.92(19) 
N(3)-C(7)-H(7A) 109.7 
C(8)-C(7)-H(7A) 109.7 
N(3)-C(7)-H(7B) 109.7 
C(8)-C(7)-H(7B) 109.7 
H(7A)-C(7)-H(7B) 108.2 
N(2)-C(8)-C(9) 121.2(2) 
N(2)-C(8)-C(7) 114.7(2) 
C(9)-C(8)-C(7) 124.0(2) 
C(8)-C(9)-C(10) 118.6(2) 
C(8)-C(9)-H(9) 120.7 
C(10)-C(9)-H(9) 120.7 
O(2)-C(10)-C(11) 124.5(2) 
O(2)-C(10)-C(9) 115.8(2) 
C(11)-C(10)-C(9) 119.7(2) 
C(12)-C(11)-C(10) 118.0(2) 
C(12)-C(11)-H(11) 121.0 
C(10)-C(11)-H(11) 121.0 
N(2)-C(12)-C(11) 121.8(2) 
N(2)-C(12)-C(13) 116.5(2) 
C(11)-C(12)-C(13) 121.3(2) 
N(4)-C(13)-C(12) 114.20(18) 
N(4)-C(13)-H(13A) 108.7 
C(12)-C(13)-H(13A) 108.7 
N(4)-C(13)-H(13B) 108.7 
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C(12)-C(13)-H(13B) 108.7 
H(13A)-C(13)-H(13B) 107.6 
N(4)-C(14)-C(1) 109.70(18) 
N(4)-C(14)-H(14A) 109.7 
C(1)-C(14)-H(14A) 109.7 
N(4)-C(14)-H(14B) 109.7 
C(1)-C(14)-H(14B) 109.7 
H(14A)-C(14)-H(14B) 108.2 
N(3)-C(15)-C(18) 109.0(2) 
N(3)-C(15)-C(16) 108.5(2) 
C(18)-C(15)-C(16) 108.6(3) 
N(3)-C(15)-C(17) 112.3(2) 
C(18)-C(15)-C(17) 108.9(3) 
C(16)-C(15)-C(17) 109.4(3) 
C(15)-C(16)-H(16A) 109.5 
C(15)-C(16)-H(16B) 109.5 
H(16A)-C(16)-H(16B) 109.5 
C(15)-C(16)-H(16C) 109.5 
H(16A)-C(16)-H(16C) 109.5 
H(16B)-C(16)-H(16C) 109.5 
C(15)-C(17)-H(17A) 109.5 
C(15)-C(17)-H(17B) 109.5 
H(17A)-C(17)-H(17B) 109.5 
C(15)-C(17)-H(17C) 109.5 
H(17A)-C(17)-H(17C) 109.5 
H(17B)-C(17)-H(17C) 109.5 
C(15)-C(18)-H(18A) 109.5 
C(15)-C(18)-H(18B) 109.5 
H(18A)-C(18)-H(18B) 109.5 
C(15)-C(18)-H(18C) 109.5 
H(18A)-C(18)-H(18C) 109.5 
H(18B)-C(18)-H(18C) 109.5 
N(4)-C(19)-C(20) 108.18(19) 
N(4)-C(19)-C(22) 109.22(19) 
C(20)-C(19)-C(22) 108.0(2) 
N(4)-C(19)-C(21) 112.04(19) 
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C(20)-C(19)-C(21) 109.5(2) 
C(22)-C(19)-C(21) 109.8(2) 
C(19)-C(20)-H(20A) 109.5 
C(19)-C(20)-H(20B) 109.5 
H(20A)-C(20)-H(20B) 109.5 
C(19)-C(20)-H(20C) 109.5 
H(20A)-C(20)-H(20C) 109.5 
H(20B)-C(20)-H(20C) 109.5 
C(19)-C(21)-H(21A) 109.5 
C(19)-C(21)-H(21B) 109.5 
H(21A)-C(21)-H(21B) 109.5 
C(19)-C(21)-H(21C) 109.5 
H(21A)-C(21)-H(21C) 109.5 
H(21B)-C(21)-H(21C) 109.5 
C(19)-C(22)-H(22A) 109.5 
C(19)-C(22)-H(22B) 109.5 
H(22A)-C(22)-H(22B) 109.5 
C(19)-C(22)-H(22C) 109.5 
H(22A)-C(22)-H(22C) 109.5 
H(22B)-C(22)-H(22C) 109.5 
O(1)-C(23)-H(23A) 109.5 
O(1)-C(23)-H(23B) 109.5 
H(23A)-C(23)-H(23B) 109.5 
O(1)-C(23)-H(23C) 109.5 
H(23A)-C(23)-H(23C) 109.5 
H(23B)-C(23)-H(23C) 109.5 
O(2)-C(24)-H(24A) 109.5 
O(2)-C(24)-H(24B) 109.5 
H(24A)-C(24)-H(24B) 109.5 
O(2)-C(24)-H(24C) 109.5 
H(24A)-C(24)-H(24C) 109.5 
H(24B)-C(24)-H(24C) 109.5 
Cl(1S)-C(1S)-Cl(2S) 112.4(5) 
Cl(1S)-C(1S)-H(1SA) 109.1 
Cl(2S)-C(1S)-H(1SA) 109.1 
Cl(1S)-C(1S)-H(1SB) 109.1 
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Cl(2S)-C(1S)-H(1SB) 109.1 
H(1SA)-C(1S)-H(1SB) 107.8 
Cl(12)-C(1S1)-Cl(11) 111.5(6) 
Cl(12)-C(1S1)-H(1SC) 109.3 
Cl(11)-C(1S1)-H(1SC) 109.3 
Cl(12)-C(1S1)-H(1SD) 109.3 
Cl(11)-C(1S1)-H(1SD) 109.3 
H(1SC)-C(1S1)-H(1SD) 108.0 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
  
 Table B16.   Anisotropic displacement parameters  (Å2x 103) for l15416_sq.  The anisotropic 
displacement factor exponent takes the form:  -2 2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
Ni(1) 19(1)  13(1) 26(1)  1(1) 9(1)  0(1) 
Cl(1) 24(1)  17(1) 28(1)  2(1) 9(1)  -1(1) 
Cl(2) 31(1)  15(1) 33(1)  -2(1) 14(1)  0(1) 
O(1) 44(1)  25(1) 28(1)  -6(1) -2(1)  1(1) 
O(2) 36(1)  26(1) 24(1)  4(1) 12(1)  -4(1) 
N(1) 19(1)  16(1) 25(1)  1(1) 6(1)  0(1) 
N(2) 21(1)  14(1) 25(1)  0(1) 9(1)  -2(1) 
N(3) 20(1)  23(1) 34(1)  7(1) 11(1)  4(1) 
N(4) 17(1)  12(1) 23(1)  1(1) 6(1)  -1(1) 
C(1) 22(1)  16(1) 23(1)  3(1) 6(1)  1(1) 
C(2) 28(1)  19(1) 23(1)  2(1) 6(1)  4(1) 
C(3) 36(1)  19(1) 22(1)  2(1) 1(1)  -1(1) 
C(4) 26(1)  27(1) 27(1)  2(1) -1(1)  -5(1) 
C(5) 21(1)  21(1) 27(1)  5(1) 4(1)  -1(1) 
C(6) 20(1)  29(1) 30(1)  2(1) 6(1)  -3(1) 
C(7) 21(1)  24(1) 35(1)  3(1) 15(1)  3(1) 
C(8) 22(1)  17(1) 27(1)  -2(1) 10(1)  -2(1) 
C(9) 23(1)  20(1) 26(1)  -4(1) 11(1)  -6(1) 
C(10) 30(1)  17(1) 20(1)  -3(1) 8(1)  -7(1) 
C(11) 25(1)  15(1) 21(1)  -2(1) 5(1)  -2(1) 
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C(12) 21(1)  13(1) 22(1)  -2(1) 6(1)  -4(1) 
C(13) 20(1)  12(1) 26(1)  1(1) 8(1)  0(1) 
C(14) 19(1)  17(1) 25(1)  0(1) 9(1)  0(1) 
C(15) 19(1)  36(2) 50(2)  18(1) 13(1)  9(1) 
C(16) 23(1)  57(2) 49(2)  26(2) 11(1)  10(1) 
C(17) 21(1)  47(2) 63(2)  22(2) 15(1)  9(1) 
C(18) 33(2)  29(1) 68(2)  20(2) 19(2)  13(1) 
C(19) 18(1)  15(1) 30(1)  0(1) 4(1)  0(1) 
C(20) 27(1)  25(1) 32(1)  -5(1) 3(1)  -3(1) 
C(21) 18(1)  22(1) 40(2)  5(1) 5(1)  2(1) 
C(22) 20(1)  14(1) 40(1)  4(1) 5(1)  -2(1) 
C(23) 57(2)  27(1) 24(1)  -2(1) 2(1)  10(1) 
C(24) 48(2)  30(1) 28(1)  8(1) 10(1)  -2(1) 
C(1S) 41(4)  76(6) 50(4)  -2(4) 7(3)  13(3) 
Cl(1S) 64(1)  124(2) 81(1)  -35(1) 36(1)  -36(1) 
Cl(2S) 90(2)  140(2) 81(2)  15(1) 57(1)  36(2) 
C(1S1) 39(5)  37(5) 29(4)  -6(4) -14(4)  14(4) 
Cl(11) 98(3)  92(3) 91(3)  -28(2) -49(2)  47(2) 
Cl(12) 72(2)  70(2) 61(2)  -1(1) 30(2)  -5(1) 
______________________________________________________________________________  
 
 Table B17.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for l15416_sq. 
______________________________________________________________________________
__  
 x  y  z  U(eq) 
______________________________________________________________________________
__  
  
H(2) 355 8182 4237 28 
H(4) 3873 8077 4261 33 
H(6A) 3984 7299 2851 31 
H(6B) 4636 6761 3525 31 
H(7A) 3735 5236 1901 31 
H(7B) 4649 6127 2096 31 
H(9) 3947 7261 1104 27 
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H(11) 720 8478 1099 24 
H(13A) 259 7960 2492 23 
H(13B) -592 7587 1827 23 
H(14A) -453 6166 3502 24 
H(14B) -841 7273 3259 24 
H(16A) 4617 5662 4203 64 
H(16B) 4741 4473 4238 64 
H(16C) 3480 4973 4036 64 
H(17A) 5879 5056 2699 64 
H(17B) 6240 4693 3476 64 
H(17C) 5992 5849 3313 64 
H(18A) 3241 3903 2953 63 
H(18B) 4515 3467 3219 63 
H(18C) 4234 3946 2469 63 
H(20A) -1051 6451 1192 42 
H(20B) -1800 5448 1193 42 
H(20C) -410 5415 1404 42 
H(21A) -2462 6720 2679 40 
H(21B) -3023 6332 1934 40 
H(21C) -2214 7305 2008 40 
H(22A) -700 4587 2511 37 
H(22B) -2074 4631 2240 37 
H(22C) -1565 5087 2975 37 
H(23A) 882 9691 4793 54 
H(23B) 1701 9782 5521 54 
H(23C) 979 8779 5322 54 
H(24A) 2054 9655 -152 52 
H(24B) 1621 9751 580 52 
H(24C) 1041 8940 37 52 
H(1SA) 3179 1302 115 67 
H(1SB) 2276 1841 -465 67 
H(1SC) 2829 2909 -378 45 
H(1SD) 2377 1849 -685 45 
______________________________________________________________________________
__ 
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 Table B18.  Torsion angles [°] for l15416_sq. 
________________________________________________________________  
C(5)-N(1)-C(1)-C(2) -3.8(3) 
Ni(1)-N(1)-C(1)-C(2) 177.19(17) 
C(5)-N(1)-C(1)-C(14) 173.4(2) 
Ni(1)-N(1)-C(1)-C(14) -5.6(3) 
N(1)-C(1)-C(2)-C(3) -0.9(4) 
C(14)-C(1)-C(2)-C(3) -177.9(2) 
C(23)-O(1)-C(3)-C(2) 3.7(4) 
C(23)-O(1)-C(3)-C(4) -178.2(2) 
C(1)-C(2)-C(3)-O(1) -178.1(2) 
C(1)-C(2)-C(3)-C(4) 3.8(4) 
O(1)-C(3)-C(4)-C(5) 179.6(2) 
C(2)-C(3)-C(4)-C(5) -2.2(4) 
C(1)-N(1)-C(5)-C(4) 5.6(4) 
Ni(1)-N(1)-C(5)-C(4) -175.42(18) 
C(1)-N(1)-C(5)-C(6) -167.0(2) 
Ni(1)-N(1)-C(5)-C(6) 11.9(3) 
C(3)-C(4)-C(5)-N(1) -2.6(4) 
C(3)-C(4)-C(5)-C(6) 169.6(2) 
C(7)-N(3)-C(6)-C(5) 129.1(2) 
C(15)-N(3)-C(6)-C(5) -106.1(2) 
Ni(1)-N(3)-C(6)-C(5) 25.0(2) 
N(1)-C(5)-C(6)-N(3) -26.7(3) 
C(4)-C(5)-C(6)-N(3) 160.7(2) 
C(6)-N(3)-C(7)-C(8) -61.3(3) 
C(15)-N(3)-C(7)-C(8) 174.7(2) 
Ni(1)-N(3)-C(7)-C(8) 46.6(2) 
C(12)-N(2)-C(8)-C(9) -4.8(3) 
Ni(1)-N(2)-C(8)-C(9) 177.52(18) 
C(12)-N(2)-C(8)-C(7) 172.1(2) 
Ni(1)-N(2)-C(8)-C(7) -5.6(3) 
N(3)-C(7)-C(8)-N(2) -33.6(3) 
N(3)-C(7)-C(8)-C(9) 143.1(2) 
N(2)-C(8)-C(9)-C(10) 0.5(4) 
C(7)-C(8)-C(9)-C(10) -176.1(2) 
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C(24)-O(2)-C(10)-C(11) -1.7(3) 
C(24)-O(2)-C(10)-C(9) -179.4(2) 
C(8)-C(9)-C(10)-O(2) -179.0(2) 
C(8)-C(9)-C(10)-C(11) 3.1(3) 
O(2)-C(10)-C(11)-C(12) 179.9(2) 
C(9)-C(10)-C(11)-C(12) -2.5(3) 
C(8)-N(2)-C(12)-C(11) 5.5(3) 
Ni(1)-N(2)-C(12)-C(11) -176.83(17) 
C(8)-N(2)-C(12)-C(13) -167.9(2) 
Ni(1)-N(2)-C(12)-C(13) 9.8(3) 
C(10)-C(11)-C(12)-N(2) -1.8(3) 
C(10)-C(11)-C(12)-C(13) 171.3(2) 
C(14)-N(4)-C(13)-C(12) 128.9(2) 
C(19)-N(4)-C(13)-C(12) -108.5(2) 
Ni(1)-N(4)-C(13)-C(12) 23.4(2) 
N(2)-C(12)-C(13)-N(4) -23.9(3) 
C(11)-C(12)-C(13)-N(4) 162.7(2) 
C(13)-N(4)-C(14)-C(1) -63.5(2) 
C(19)-N(4)-C(14)-C(1) 175.04(18) 
Ni(1)-N(4)-C(14)-C(1) 45.39(18) 
N(1)-C(1)-C(14)-N(4) -31.4(3) 
C(2)-C(1)-C(14)-N(4) 145.7(2) 
C(6)-N(3)-C(15)-C(18) 170.5(2) 
C(7)-N(3)-C(15)-C(18) -66.3(3) 
Ni(1)-N(3)-C(15)-C(18) 48.8(3) 
C(6)-N(3)-C(15)-C(16) 52.4(3) 
C(7)-N(3)-C(15)-C(16) 175.5(2) 
Ni(1)-N(3)-C(15)-C(16) -69.3(3) 
C(6)-N(3)-C(15)-C(17) -68.7(3) 
C(7)-N(3)-C(15)-C(17) 54.4(3) 
Ni(1)-N(3)-C(15)-C(17) 169.5(2) 
C(13)-N(4)-C(19)-C(20) 55.7(2) 
C(14)-N(4)-C(19)-C(20) 175.85(19) 
Ni(1)-N(4)-C(19)-C(20) -66.8(2) 
C(13)-N(4)-C(19)-C(22) 173.00(19) 
C(14)-N(4)-C(19)-C(22) -66.8(2) 
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Ni(1)-N(4)-C(19)-C(22) 50.6(2) 
C(13)-N(4)-C(19)-C(21) -65.1(2) 
C(14)-N(4)-C(19)-C(21) 55.1(2) 
Ni(1)-N(4)-C(19)-C(21) 172.42(15) 
________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
  
 Table B19. Hydrogen bonds for l15416_sq  [Å and °]. 
____________________________________________________________________________  
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
____________________________________________________________________________  
 C(2)-H(2)...Cl(12)#1 0.95 2.70 3.405(4) 131.3 
 C(6)-H(6B)...Cl(11)#2 0.99 2.83 3.791(4) 163.8 
 C(7)-H(7A)...Cl(2) 0.99 2.89 3.442(3) 115.9 
 C(11)-H(11)...Cl(1)#1 0.95 2.80 3.628(2) 145.4 
 C(13)-H(13B)...Cl(1)#1 0.99 2.82 3.477(2) 124.7 
 C(14)-H(14A)...Cl(1) 0.99 2.90 3.428(2) 114.3 
 C(14)-H(14B)...Cl(2)#1 0.99 2.87 3.738(2) 147.3 
 C(16)-H(16A)...Cl(11)#2 0.98 2.47 3.347(5) 148.3 
 C(16)-H(16B)...Cl(11)#3 0.98 2.96 3.550(5) 119.4 
 C(16)-H(16C)...Cl(1) 0.98 2.69 3.604(3) 155.5 
 C(17)-H(17C)...Cl(11)#2 0.98 2.95 3.615(6) 126.4 
 C(18)-H(18A)...Cl(1) 0.98 2.95 3.794(3) 145.5 
 C(18)-H(18A)...Cl(2) 0.98 2.82 3.476(3) 125.3 
 C(20)-H(20C)...Cl(2) 0.98 2.63 3.559(3) 157.8 
 C(22)-H(22A)...Cl(1) 0.98 2.85 3.509(3) 125.6 
 C(22)-H(22A)...Cl(2) 0.98 2.98 3.814(3) 144.0 
 C(23)-H(23B)...Cl(2)#4 0.98 2.95 3.818(3) 148.9 
 C(24)-H(24A)...Cl(1)#5 0.98 2.73 3.533(3) 139.4 
 C(1S)-H(1SB)...Cl(1)#6 0.99 2.77 3.637(8) 146.0 
 C(1S1)-H(1SD)...Cl(1)#6 0.99 2.59 3.494(10) 151.2 
____________________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x,y+1/2,-z+1/2    #2 -x+1,y+1/2,-z+1/2    #3 x,-y+1/2,z+1/2       
#4 x,-y+3/2,z+1/2    #5 x,-y+3/2,z-1/2    #6 x,-y+1/2,z-1/2       
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 Projection view with 50% probability ellipsoids: 
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Structure Determination of MeN4Ni(III)Cl2 
Table B20.  Crystal data and structure refinement for lm12014. 
Identification code  l12014/lt/MW-3-101 
Empirical formula  C16 H20 Cl2 F6 N4 Ni P 
Formula weight  542.94 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P 21/c 
Unit cell dimensions a = 12.9385(3) Å = 90°. 
 b = 12.1873(3) Å = 101.5138(15)°. 
 c = 12.9860(3) Å  = 90°. 
Volume 2006.50(8) Å3 
Z 4 
Density (calculated) 1.797 Mg/m3 
Absorption coefficient 1.379 mm-1 
F(000) 1100 
Crystal size 0.302 x 0.271 x 0.101 mm3 
Theta range for data collection 2.314 to 27.541°. 
Index ranges -16≤h≤16, -15≤k≤15, -16≤l≤15 
Reflections collected 24160 
Independent reflections 4618 [R(int) = 0.0659] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8621 and 0.6738 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4618 / 590 / 399 
Goodness-of-fit on F2 1.021 
Final R indices [I>2sigma(I)] R1 = 0.0451, wR2 = 0.1002 
R indices (all data) R1 = 0.0711, wR2 = 0.1129 
Extinction coefficient n/a 
Largest diff. peak and hole 0.702 and -0.614 e.Å-3 
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 Table B21..  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 
for lm12014.  U(eq) is defined as one third of  the trace of the orthogonalized U ij tensor. 
________________________________________________________________________________  
 x y z U(eq) 
________________________________________________________________________________   
Ni(1) 1758(1) 3260(1) 3083(1) 15(1) 
Cl(1) 676(1) 2302(1) 3859(1) 22(1) 
Cl(2) 1772(1) 2001(1) 1884(1) 35(1) 
N(1) 2688(2) 4114(2) 2449(2) 17(1) 
N(3) 577(2) 4320(3) 2180(2) 25(1) 
N(4) 3226(2) 2790(3) 4092(3) 37(1) 
C(1) 2285(3) 4878(3) 1740(3) 23(1) 
C(2) 2947(3) 5482(3) 1250(3) 30(1) 
C(3) 4011(3) 5290(3) 1500(3) 31(1) 
C(4) 4416(3) 4508(3) 2239(3) 26(1) 
C(5) 3722(3) 3917(3) 2704(2) 19(1) 
C(6) 4034(3) 2981(3) 3459(3) 27(1) 
C(14) 1119(3) 5024(4) 1544(4) 43(1) 
C(15) -294(3) 3756(5) 1482(4) 58(2) 
C(7) 3320(8) 3139(11) 5058(7) 26(2) 
C(7') 3380(5) 3733(7) 4970(4) 22(1) 
N(2) 1960(10) 4320(11) 4144(10) 13(2) 
C(8) 2734(9) 4192(9) 4970(8) 19(2) 
C(9) 2846(10) 4950(10) 5768(8) 28(2) 
C(10) 2180(13) 5820(11) 5663(9) 31(3) 
C(11) 1381(11) 5953(8) 4790(9) 30(2) 
C(12) 1309(10) 5173(10) 4003(9) 24(1) 
N(2') 1671(7) 4403(7) 4076(6) 17(2) 
C(8') 2455(6) 4508(7) 4915(6) 22(1) 
C(9') 2414(8) 5327(7) 5664(5) 32(2) 
C(10') 1563(9) 5999(5) 5506(6) 37(2) 
C(11') 744(8) 5878(6) 4627(5) 38(2) 
C(12') 836(6) 5068(6) 3915(5) 24(1) 
C(13) 475(11) 5194(11) 3034(9) 35(3) 
C(16) 3267(10) 1408(10) 4047(12) 39(3) 
C(13') 11(6) 4787(7) 2956(6) 33(2) 
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C(16') 3227(6) 1766(7) 4626(7) 40(2) 
P(1) 3359(1) 7643(1) 3582(1) 26(1) 
F(1) 3106(3) 8883(2) 3202(3) 46(1) 
F(2) 4062(3) 7519(3) 2702(3) 47(1) 
F(3) 3589(4) 6410(3) 3887(3) 62(1) 
F(4) 2624(3) 7791(3) 4407(3) 47(1) 
F(5) 4345(2) 8071(3) 4393(3) 59(1) 
F(6) 2347(2) 7263(3) 2723(3) 53(1) 
F(1') 3705(11) 8896(6) 3757(12) 56(4) 
F(2') 4453(7) 7347(10) 3276(12) 42(4) 
F(3') 3029(11) 6389(6) 3530(11) 39(4) 
F(4') 2326(7) 7917(12) 4020(11) 35(4) 
F(5') 2814(12) 7838(12) 2426(6) 59(4) 
F(6') 3938(10) 7450(11) 4802(6) 46(4) 
________________________________________________________________________________ 
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Table B22.   Bond lengths [Å] and angles [°] for  lm12014. 
_____________________________________________________  
Ni(1)-N(2)  1.869(9) 
Ni(1)-N(1)  1.900(3) 
Ni(1)-N(2')  1.916(6) 
Ni(1)-N(4)  2.159(3) 
Ni(1)-N(3)  2.159(3) 
Ni(1)-Cl(2)  2.1885(9) 
Ni(1)-Cl(1)  2.2138(9) 
N(1)-C(5)  1.333(4) 
N(1)-C(1)  1.340(4) 
N(3)-C(14)  1.463(5) 
N(3)-C(15)  1.468(5) 
N(3)-C(13')  1.473(8) 
N(3)-C(13)  1.562(12) 
N(4)-C(7)  1.307(10) 
N(4)-C(16')  1.427(8) 
N(4)-C(6)  1.471(5) 
N(4)-C(7')  1.604(8) 
N(4)-C(16)  1.686(13) 
C(1)-C(2)  1.377(5) 
C(1)-C(14)  1.490(5) 
C(2)-C(3)  1.371(6) 
C(2)-H(2)  0.9500 
C(3)-C(4)  1.379(5) 
C(3)-H(3)  0.9500 
C(4)-C(5)  1.381(5) 
C(4)-H(4)  0.9500 
C(5)-C(6)  1.505(5) 
C(6)-H(6A)  0.9900 
C(6)-H(6B)  0.9900 
C(14)-H(14A)  0.9900 
C(14)-H(14B)  0.9900 
C(15)-H(15A)  0.9800 
C(15)-H(15B)  0.9800 
C(15)-H(15C)  0.9800 
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C(7)-C(8)  1.484(14) 
C(7)-H(7A)  0.9900 
C(7)-H(7B)  0.9900 
C(7')-C(8')  1.515(9) 
C(7')-H(7'1)  0.9900 
C(7')-H(7'2)  0.9900 
N(2)-C(8)  1.323(11) 
N(2)-C(12)  1.327(11) 
C(8)-C(9)  1.374(12) 
C(9)-C(10)  1.355(15) 
C(9)-H(9)  0.9500 
C(10)-C(11)  1.383(15) 
C(10)-H(10)  0.9500 
C(11)-C(12)  1.385(11) 
C(11)-H(11)  0.9500 
C(12)-C(13)  1.486(14) 
N(2')-C(12')  1.333(8) 
N(2')-C(8')  1.338(8) 
C(8')-C(9')  1.402(10) 
C(9')-C(10')  1.354(11) 
C(9')-H(9')  0.9500 
C(10')-C(11')  1.402(11) 
C(10')-H(10')  0.9500 
C(11')-C(12')  1.375(8) 
C(11')-H(11')  0.9500 
C(12')-C(13')  1.509(9) 
C(13)-H(13A)  0.9900 
C(13)-H(13B)  0.9900 
C(16)-H(16A)  0.9800 
C(16)-H(16B)  0.9800 
C(16)-H(16C)  0.9800 
C(13')-H(13C)  0.9900 
C(13')-H(13D)  0.9900 
C(16')-H(16D)  0.9800 
C(16')-H(16E)  0.9800 
C(16')-H(16F)  0.9800 
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P(1)-F(5')  1.545(6) 
P(1)-F(3)  1.568(3) 
P(1)-F(5)  1.572(3) 
P(1)-F(4)  1.578(3) 
P(1)-F(3')  1.585(6) 
P(1)-F(2')  1.587(6) 
P(1)-F(4')  1.589(6) 
P(1)-F(1')  1.594(6) 
P(1)-F(1)  1.604(3) 
P(1)-F(2)  1.604(3) 
P(1)-F(6)  1.610(3) 
P(1)-F(6')  1.629(6) 
 
N(2)-Ni(1)-N(1) 86.1(5) 
N(1)-Ni(1)-N(2') 91.1(4) 
N(2)-Ni(1)-N(4) 76.1(3) 
N(1)-Ni(1)-N(4) 81.43(11) 
N(2')-Ni(1)-N(4) 87.0(2) 
N(2)-Ni(1)-N(3) 88.1(4) 
N(1)-Ni(1)-N(3) 82.97(12) 
N(2')-Ni(1)-N(3) 78.5(2) 
N(4)-Ni(1)-N(3) 158.40(13) 
N(2)-Ni(1)-Cl(2) 171.6(4) 
N(1)-Ni(1)-Cl(2) 88.85(8) 
N(2')-Ni(1)-Cl(2) 176.4(2) 
N(4)-Ni(1)-Cl(2) 96.56(11) 
N(3)-Ni(1)-Cl(2) 97.97(8) 
N(2)-Ni(1)-Cl(1) 92.2(5) 
N(1)-Ni(1)-Cl(1) 178.28(8) 
N(2')-Ni(1)-Cl(1) 87.2(4) 
N(4)-Ni(1)-Cl(1) 98.26(9) 
N(3)-Ni(1)-Cl(1) 96.88(9) 
Cl(2)-Ni(1)-Cl(1) 92.87(3) 
C(5)-N(1)-C(1) 121.9(3) 
C(5)-N(1)-Ni(1) 119.0(2) 
C(1)-N(1)-Ni(1) 119.0(2) 
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C(14)-N(3)-C(15) 108.7(3) 
C(14)-N(3)-C(13') 121.3(5) 
C(15)-N(3)-C(13') 100.2(4) 
C(14)-N(3)-C(13) 96.8(7) 
C(15)-N(3)-C(13) 126.5(6) 
C(14)-N(3)-Ni(1) 106.9(2) 
C(15)-N(3)-Ni(1) 115.3(3) 
C(13')-N(3)-Ni(1) 104.7(3) 
C(13)-N(3)-Ni(1) 100.0(4) 
C(7)-N(4)-C(6) 123.0(6) 
C(16')-N(4)-C(6) 118.6(4) 
C(16')-N(4)-C(7') 107.1(5) 
C(6)-N(4)-C(7') 106.4(4) 
C(7)-N(4)-C(16) 111.1(7) 
C(6)-N(4)-C(16) 96.3(6) 
C(7)-N(4)-Ni(1) 113.4(5) 
C(16')-N(4)-Ni(1) 116.2(4) 
C(6)-N(4)-Ni(1) 104.8(2) 
C(7')-N(4)-Ni(1) 102.1(3) 
C(16)-N(4)-Ni(1) 105.9(4) 
N(1)-C(1)-C(2) 119.8(3) 
N(1)-C(1)-C(14) 116.2(3) 
C(2)-C(1)-C(14) 124.0(3) 
C(3)-C(2)-C(1) 119.1(3) 
C(3)-C(2)-H(2) 120.5 
C(1)-C(2)-H(2) 120.5 
C(2)-C(3)-C(4) 120.5(3) 
C(2)-C(3)-H(3) 119.8 
C(4)-C(3)-H(3) 119.8 
C(3)-C(4)-C(5) 118.3(3) 
C(3)-C(4)-H(4) 120.8 
C(5)-C(4)-H(4) 120.8 
N(1)-C(5)-C(4) 120.3(3) 
N(1)-C(5)-C(6) 115.0(3) 
C(4)-C(5)-C(6) 124.5(3) 
N(4)-C(6)-C(5) 110.9(3) 
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N(4)-C(6)-H(6A) 109.5 
C(5)-C(6)-H(6A) 109.5 
N(4)-C(6)-H(6B) 109.5 
C(5)-C(6)-H(6B) 109.5 
H(6A)-C(6)-H(6B) 108.1 
N(3)-C(14)-C(1) 114.6(3) 
N(3)-C(14)-H(14A) 108.6 
C(1)-C(14)-H(14A) 108.6 
N(3)-C(14)-H(14B) 108.6 
C(1)-C(14)-H(14B) 108.6 
H(14A)-C(14)-H(14B) 107.6 
N(3)-C(15)-H(15A) 109.5 
N(3)-C(15)-H(15B) 109.5 
H(15A)-C(15)-H(15B) 109.5 
N(3)-C(15)-H(15C) 109.5 
H(15A)-C(15)-H(15C) 109.5 
H(15B)-C(15)-H(15C) 109.5 
N(4)-C(7)-C(8) 105.1(7) 
N(4)-C(7)-H(7A) 110.7 
C(8)-C(7)-H(7A) 110.7 
N(4)-C(7)-H(7B) 110.7 
C(8)-C(7)-H(7B) 110.7 
H(7A)-C(7)-H(7B) 108.8 
C(8')-C(7')-N(4) 115.4(5) 
C(8')-C(7')-H(7'1) 108.4 
N(4)-C(7')-H(7'1) 108.4 
C(8')-C(7')-H(7'2) 108.4 
N(4)-C(7')-H(7'2) 108.4 
H(7'1)-C(7')-H(7'2) 107.5 
C(8)-N(2)-C(12) 124.1(9) 
C(8)-N(2)-Ni(1) 119.2(8) 
C(12)-N(2)-Ni(1) 116.7(8) 
N(2)-C(8)-C(9) 118.7(11) 
N(2)-C(8)-C(7) 117.2(9) 
C(9)-C(8)-C(7) 123.3(9) 
C(10)-C(9)-C(8) 118.8(11) 
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C(10)-C(9)-H(9) 120.6 
C(8)-C(9)-H(9) 120.6 
C(9)-C(10)-C(11) 122.0(10) 
C(9)-C(10)-H(10) 119.0 
C(11)-C(10)-H(10) 119.0 
C(10)-C(11)-C(12) 117.0(10) 
C(10)-C(11)-H(11) 121.5 
C(12)-C(11)-H(11) 121.5 
N(2)-C(12)-C(11) 119.2(10) 
N(2)-C(12)-C(13) 117.6(9) 
C(11)-C(12)-C(13) 123.0(10) 
C(12')-N(2')-C(8') 121.8(6) 
C(12')-N(2')-Ni(1) 119.4(5) 
C(8')-N(2')-Ni(1) 118.8(5) 
N(2')-C(8')-C(9') 120.4(7) 
N(2')-C(8')-C(7') 116.2(6) 
C(9')-C(8')-C(7') 123.3(6) 
C(10')-C(9')-C(8') 117.9(7) 
C(10')-C(9')-H(9') 121.1 
C(8')-C(9')-H(9') 121.1 
C(9')-C(10')-C(11') 121.3(6) 
C(9')-C(10')-H(10') 119.4 
C(11')-C(10')-H(10') 119.4 
C(12')-C(11')-C(10') 118.0(7) 
C(12')-C(11')-H(11') 121.0 
C(10')-C(11')-H(11') 121.0 
N(2')-C(12')-C(11') 120.5(6) 
N(2')-C(12')-C(13') 114.1(6) 
C(11')-C(12')-C(13') 125.2(6) 
C(12)-C(13)-N(3) 116.1(8) 
C(12)-C(13)-H(13A) 108.3 
N(3)-C(13)-H(13A) 108.3 
C(12)-C(13)-H(13B) 108.3 
N(3)-C(13)-H(13B) 108.3 
H(13A)-C(13)-H(13B) 107.4 
N(4)-C(16)-H(16A) 109.5 
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N(4)-C(16)-H(16B) 109.5 
H(16A)-C(16)-H(16B) 109.5 
N(4)-C(16)-H(16C) 109.5 
H(16A)-C(16)-H(16C) 109.5 
H(16B)-C(16)-H(16C) 109.5 
N(3)-C(13')-C(12') 106.6(5) 
N(3)-C(13')-H(13C) 110.4 
C(12')-C(13')-H(13C) 110.4 
N(3)-C(13')-H(13D) 110.4 
C(12')-C(13')-H(13D) 110.4 
H(13C)-C(13')-H(13D) 108.6 
N(4)-C(16')-H(16D) 109.5 
N(4)-C(16')-H(16E) 109.5 
H(16D)-C(16')-H(16E) 109.5 
N(4)-C(16')-H(16F) 109.5 
H(16D)-C(16')-H(16F) 109.5 
H(16E)-C(16')-H(16F) 109.5 
F(3)-P(1)-F(5) 93.5(2) 
F(3)-P(1)-F(4) 92.7(2) 
F(5)-P(1)-F(4) 91.5(2) 
F(5')-P(1)-F(3') 92.3(6) 
F(5')-P(1)-F(2') 92.8(6) 
F(3')-P(1)-F(2') 90.9(5) 
F(5')-P(1)-F(4') 93.5(6) 
F(3')-P(1)-F(4') 88.8(6) 
F(2')-P(1)-F(4') 173.7(6) 
F(5')-P(1)-F(1') 92.9(6) 
F(3')-P(1)-F(1') 174.4(6) 
F(2')-P(1)-F(1') 90.8(5) 
F(4')-P(1)-F(1') 88.8(6) 
F(3)-P(1)-F(1) 176.8(2) 
F(5)-P(1)-F(1) 88.93(18) 
F(4)-P(1)-F(1) 89.30(19) 
F(3)-P(1)-F(2) 89.10(19) 
F(5)-P(1)-F(2) 90.49(19) 
F(4)-P(1)-F(2) 177.2(2) 
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F(1)-P(1)-F(2) 88.78(18) 
F(3)-P(1)-F(6) 89.2(2) 
F(5)-P(1)-F(6) 177.1(2) 
F(4)-P(1)-F(6) 89.23(19) 
F(1)-P(1)-F(6) 88.30(18) 
F(2)-P(1)-F(6) 88.68(18) 
F(5')-P(1)-F(6') 179.4(6) 
F(3')-P(1)-F(6') 88.3(5) 
F(2')-P(1)-F(6') 87.2(5) 
F(4')-P(1)-F(6') 86.5(5) 
F(1')-P(1)-F(6') 86.5(5) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
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Table B23.   Anisotropic displacement parameters  (Å2x 103) for lm12014.  The anisotropic 
displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
Ni(1) 19(1)  14(1) 12(1)  -1(1) 3(1)  0(1) 
Cl(1) 26(1)  23(1) 18(1)  -4(1) 10(1)  -6(1) 
Cl(2) 40(1)  26(1) 48(1)  -22(1) 31(1)  -12(1) 
N(1) 25(1)  15(1) 10(1)  -1(1) 4(1)  1(1) 
N(3) 29(2)  36(2) 13(1)  3(1) 8(1)  16(1) 
N(4) 17(1)  53(2) 39(2)  30(2) 1(1)  -1(1) 
C(1) 39(2)  14(2) 14(2)  -1(1) 6(1)  4(1) 
C(2) 61(3)  18(2) 17(2)  3(1) 20(2)  5(2) 
C(3) 52(2)  22(2) 28(2)  -1(2) 28(2)  -4(2) 
C(4) 31(2)  26(2) 25(2)  -8(2) 16(2)  -4(2) 
C(5) 26(2)  18(2) 13(2)  -5(1) 6(1)  -2(1) 
C(6) 25(2)  37(2) 21(2)  8(2) 8(2)  6(2) 
C(14) 39(2)  41(2) 44(3)  26(2) -1(2)  5(2) 
C(15) 30(2)  82(4) 52(3)  34(3) -14(2)  -8(2) 
C(7) 29(5)  39(6) 11(5)  14(4) 3(3)  7(4) 
C(7') 26(3)  34(3) 6(2)  7(2) 2(2)  -8(2) 
N(2) 20(5)  10(4) 10(4)  1(3) 5(3)  -4(3) 
C(8) 18(4)  30(5) 9(4)  1(3) 4(3)  -9(3) 
C(9) 47(6)  27(5) 12(4)  0(3) 12(4)  -19(4) 
C(10) 58(6)  24(6) 16(5)  -1(4) 20(4)  -16(5) 
C(11) 62(6)  17(4) 16(4)  -1(3) 21(4)  -3(4) 
C(12) 39(4)  21(2) 12(2)  2(2) 5(3)  11(3) 
N(2') 25(4)  20(3) 4(3)  1(2) -1(2)  -2(2) 
C(8') 26(3)  34(3) 6(2)  7(2) 2(2)  -8(2) 
C(9') 58(5)  24(4) 11(3)  4(3) 3(3)  -8(3) 
C(10') 83(5)  15(3) 15(3)  0(2) 12(3)  3(3) 
C(11') 73(5)  23(3) 17(3)  -2(2) 11(3)  19(3) 
C(12') 39(4)  21(2) 12(2)  2(2) 5(3)  11(3) 
C(13) 50(7)  39(7) 15(4)  -2(4) 5(5)  31(5) 
C(16) 31(6)  36(7) 46(8)  21(6) -1(6)  2(5) 
C(13') 34(4)  44(5) 18(3)  -9(3) 0(3)  22(3) 
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C(16') 33(4)  51(5) 37(5)  36(4) 13(4)  21(4) 
P(1) 29(1)  26(1) 25(1)  -8(1) 13(1)  -3(1) 
F(1) 58(2)  33(2) 47(2)  -1(1) 14(2)  7(1) 
F(2) 61(2)  41(2) 53(2)  -20(2) 42(2)  -15(2) 
F(3) 100(3)  34(2) 63(3)  10(2) 47(2)  18(2) 
F(4) 63(2)  46(2) 42(2)  -21(2) 36(2)  -9(2) 
F(5) 38(2)  83(3) 46(2)  -24(2) -12(2)  4(2) 
F(6) 43(2)  62(2) 53(2)  -34(2) 8(2)  -9(2) 
F(1') 68(9)  36(5) 80(10)  -20(5) 56(7)  -9(5) 
F(2') 43(6)  36(7) 55(8)  -19(6) 34(5)  -6(5) 
F(3') 60(8)  30(5) 37(8)  -14(4) 34(6)  -15(5) 
F(4') 34(6)  37(7) 36(8)  -8(6) 15(5)  -4(5) 
F(5') 81(9)  57(8) 40(5)  7(5) 17(5)  11(7) 
F(6') 43(7)  59(8) 34(5)  -19(4) 5(4)  6(6) 
______________________________________________________________________________ 
203 
 
Table B24.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for lm12014. 
________________________________________________________________________________  
 x  y  z  U(eq) 
________________________________________________________________________________  
  
H(2) 2669 6025 745 36 
H(3) 4474 5697 1162 37 
H(4) 5154 4379 2424 31 
H(6A) 4126 2307 3061 33 
H(6B) 4716 3152 3929 33 
H(14A) 963 5799 1683 51 
H(14B) 829 4876 792 51 
H(15A) -31 3411 903 87 
H(15B) -845 4289 1197 87 
H(15C) -588 3193 1879 87 
H(7A) 4071 3254 5386 32 
H(7B) 3011 2605 5486 32 
H(7'1) 3524 3381 5671 27 
H(7'2) 4010 4170 4909 27 
H(9) 3379 4866 6381 33 
H(10) 2265 6354 6206 37 
H(11) 903 6551 4733 36 
H(9') 2965 5407 6264 38 
H(10') 1521 6563 6001 45 
H(11') 142 6343 4527 45 
H(13A) 472 5931 2713 42 
H(13B) -216 5092 3238 42 
H(16A) 2644 1105 4268 58 
H(16B) 3905 1145 4521 58 
H(16C) 3275 1171 3328 58 
H(13C) -496 4247 3136 39 
H(13D) -382 5453 2670 39 
H(16D) 2724 1798 5098 60 
H(16E) 3936 1620 5036 60 
H(16F) 3023 1178 4111 60 
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________________________________________________________________________________ 
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Table B25.  Torsion angles [°] for lm12014. 
________________________________________________________________  
N2a-Ni(1)-N(1)-C(5) 89.3(4) 
N(2')-Ni(1)-N(1)-C(5) 99.5(3) 
N(4)-Ni(1)-N(1)-C(5) 12.8(2) 
N(3)-Ni(1)-N(1)-C(5) 177.8(2) 
Cl(2)-Ni(1)-N(1)-C(5) -84.0(2) 
N(2)-Ni(1)-N(1)-C(1) -92.4(4) 
N(2')-Ni(1)-N(1)-C(1) -82.2(3) 
N(4)-Ni(1)-N(1)-C(1) -168.9(3) 
N(3)-Ni(1)-N(1)-C(1) -3.9(2) 
Cl(2)-Ni(1)-N(1)-C(1) 94.3(2) 
C(5)-N(1)-C(1)-C(2) 0.2(5) 
Ni(1)-N(1)-C(1)-C(2) -178.0(2) 
C(5)-N(1)-C(1)-C(14) -179.1(3) 
Ni(1)-N(1)-C(1)-C(14) 2.7(4) 
N(1)-C(1)-C(2)-C(3) -0.1(5) 
C(14)-C(1)-C(2)-C(3) 179.1(4) 
C(1)-C(2)-C(3)-C(4) -0.5(5) 
C(2)-C(3)-C(4)-C(5) 1.0(5) 
C(1)-N(1)-C(5)-C(4) 0.3(5) 
Ni(1)-N(1)-C(5)-C(4) 178.6(2) 
C(1)-N(1)-C(5)-C(6) -176.1(3) 
Ni(1)-N(1)-C(5)-C(6) 2.2(4) 
C(3)-C(4)-C(5)-N(1) -0.9(5) 
C(3)-C(4)-C(5)-C(6) 175.1(3) 
C(7)-N(4)-C(6)-C(5) -100.7(7) 
C(16')-N(4)-C(6)-C(5) 162.4(5) 
C(7')-N(4)-C(6)-C(5) -77.0(4) 
C(16)-N(4)-C(6)-C(5) 139.0(5) 
Ni(1)-N(4)-C(6)-C(5) 30.7(4) 
N(1)-C(5)-C(6)-N(4) -24.2(4) 
C(4)-C(5)-C(6)-N(4) 159.6(3) 
C(15)-N(3)-C(14)-C(1) -129.0(4) 
C(13')-N(3)-C(14)-C(1) 115.8(5) 
C(13)-N(3)-C(14)-C(1) 98.7(6) 
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Ni(1)-N(3)-C(14)-C(1) -3.9(4) 
N(1)-C(1)-C(14)-N(3) 1.3(5) 
C(2)-C(1)-C(14)-N(3) -177.9(3) 
C(16')-N(4)-C(7)-C(8) -146.1(10) 
C(6)-N(4)-C(7)-C(8) 96.2(9) 
C(7')-N(4)-C(7)-C(8) 38.2(9) 
C(16)-N(4)-C(7)-C(8) -150.8(9) 
Ni(1)-N(4)-C(7)-C(8) -31.7(11) 
C(7)-N(4)-C(7')-C(8') -110.7(14) 
C(16')-N(4)-C(7')-C(8') -115.1(6) 
C(6)-N(4)-C(7')-C(8') 117.2(5) 
C(16)-N(4)-C(7')-C(8') -123.3(9) 
Ni(1)-N(4)-C(7')-C(8') 7.5(6) 
N(1)-Ni(1)-N(2)-C(8) -90.4(12) 
N(2')-Ni(1)-N(2)-C(8) 154(5) 
N(4)-Ni(1)-N(2)-C(8) -8.3(11) 
N(3)-Ni(1)-N(2)-C(8) -173.5(13) 
Cl(1)-Ni(1)-N(2)-C(8) 89.7(12) 
N(1)-Ni(1)-N(2)-C(12) 88.8(12) 
N(2')-Ni(1)-N(2)-C(12) -27(3) 
N(4)-Ni(1)-N(2)-C(12) 170.9(13) 
N(3)-Ni(1)-N(2)-C(12) 5.7(12) 
Cl(1)-Ni(1)-N(2)-C(12) -91.1(12) 
C(12)-N(2)-C(8)-C(9) 4(2) 
Ni(1)-N(2)-C(8)-C(9) -177.1(10) 
C(12)-N(2)-C(8)-C(7) 174.0(14) 
Ni(1)-N(2)-C(8)-C(7) -6.8(18) 
N(4)-C(7)-C(8)-N(2) 26.4(16) 
N(4)-C(7)-C(8)-C(9) -163.9(10) 
N(2)-C(8)-C(9)-C(10) -2.1(18) 
C(7)-C(8)-C(9)-C(10) -171.7(12) 
C(8)-C(9)-C(10)-C(11) 1.4(18) 
C(9)-C(10)-C(11)-C(12) -2.1(18) 
C(8)-N(2)-C(12)-C(11) -5(2) 
Ni(1)-N(2)-C(12)-C(11) 176.2(10) 
C(8)-N(2)-C(12)-C(13) -179.7(14) 
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Ni(1)-N(2)-C(12)-C(13) 1.2(18) 
C(10)-C(11)-C(12)-N(2) 3.6(18) 
C(10)-C(11)-C(12)-C(13) 178.4(12) 
C(12')-N(2')-C(8')-C(9') 0.6(14) 
Ni(1)-N(2')-C(8')-C(9') -179.2(7) 
C(12')-N(2')-C(8')-C(7') -177.1(9) 
Ni(1)-N(2')-C(8')-C(7') 3.1(11) 
N(4)-C(7')-C(8')-N(2') -7.6(10) 
N(4)-C(7')-C(8')-C(9') 174.8(7) 
N(2')-C(8')-C(9')-C(10') -0.2(12) 
C(7')-C(8')-C(9')-C(10') 177.3(7) 
C(8')-C(9')-C(10')-C(11') 0.5(12) 
C(9')-C(10')-C(11')-C(12') -1.2(12) 
C(8')-N(2')-C(12')-C(11') -1.4(15) 
Ni(1)-N(2')-C(12')-C(11') 178.5(7) 
C(8')-N(2')-C(12')-C(13') -177.1(9) 
Ni(1)-N(2')-C(12')-C(13') 2.7(11) 
C(10')-C(11')-C(12')-N(2') 1.6(13) 
C(10')-C(11')-C(12')-C(13') 176.9(8) 
N(2)-C(12)-C(13)-N(3) -10.9(18) 
C(11)-C(12)-C(13)-N(3) 174.2(11) 
C(14)-N(3)-C(13)-C(12) -95.6(11) 
C(15)-N(3)-C(13)-C(12) 145.0(9) 
C(13')-N(3)-C(13)-C(12) 115.3(18) 
Ni(1)-N(3)-C(13)-C(12) 13.0(12) 
C(14)-N(3)-C(13')-C(12') -79.1(6) 
C(15)-N(3)-C(13')-C(12') 161.5(5) 
C(13)-N(3)-C(13')-C(12') -42.4(11) 
Ni(1)-N(3)-C(13')-C(12') 41.7(6) 
N(2')-C(12')-C(13')-N(3) -31.9(10) 
C(11')-C(12')-C(13')-N(3) 152.6(7) 
________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
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Table B26.  Hydrogen bonds for lm12014  [Å and °]. 
____________________________________________________________________________  
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
____________________________________________________________________________  
 C(2)-H(2)...F(4)#1 0.95 2.25 3.151(5) 158.0 
 C(2)-H(2)...F(4')#1 0.95 2.54 3.450(14) 159.3 
 C(4)-H(4)...F(1)#2 0.95 2.61 3.452(5) 147.7 
 C(4)-H(4)...F(2)#2 0.95 2.50 3.114(5) 122.2 
 C(4)-H(4)...F(1')#2 0.95 2.40 3.066(12) 126.4 
 C(6)-H(6B)...F(6')#3 0.99 2.27 3.146(9) 147.3 
 C(14)-H(14A)...Cl(1)#4 0.99 2.78 3.590(4) 139.0 
 C(15)-H(15C)...Cl(1) 0.98 2.96 3.564(4) 120.6 
 C(7)-H(7A)...F(5)#3 0.99 2.58 3.309(10) 130.5 
 C(7)-H(7B)...Cl(2)#5 0.99 2.69 3.400(10) 128.5 
 C(11')-H(11')...Cl(2)#4 0.95 2.89 3.711(9) 146.0 
 C(13)-H(13A)...Cl(1)#4 0.99 2.82 3.660(12) 143.1 
 C(16)-H(16A)...Cl(1) 0.98 2.89 3.487(13) 120.1 
 C(16)-H(16B)...F(5)#3 0.98 2.60 3.399(12) 139.0 
 C(16)-H(16C)...Cl(2) 0.98 2.62 3.160(13) 114.9 
 C(13')-H(13D)...Cl(1)#4 0.99 2.98 3.860(9) 149.1 
 C(13')-H(13D)...Cl(2)#4 0.99 2.75 3.583(7) 142.5 
____________________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 x,-y+3/2,z-1/2    #2 -x+1,y-1/2,-z+1/2    #3 -x+1,-y+1,-z+1       
#4 -x,y+1/2,-z+1/2    #5 x,-y+1/2,z+1/2       
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 Projection view with 50% probability ellipsoids: 
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Structure Determination of Me3tacnNiIICyc (CCDC 1495284) 
Table B27. Crystal data and structure refinement for lm13415. 
Identification code  l13415/lt/x8/MW-4-95 
Empirical formula  C19 H33 N3 Ni 
Formula weight  362.19 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  Cc 
Unit cell dimensions a = 12.1150(4) Å α= 90°. 
 b = 13.8856(4) Å β= 113.5956(18)°. 
 c = 12.0274(4) Å γ = 90°. 
Volume 1854.14(10) Å3 
Z 4 
Density (calculated) 1.297 Mg/m3 
Absorption coefficient 1.050 mm-1 
F(000) 784 
Crystal size 0.298 x 0.196 x 0.099 mm3 
Theta range for data collection 2.349 to 33.216°. 
Index ranges -18≤h≤17, -20≤k≤21, -17≤l≤18 
Reflections collected 10503 
Independent reflections 5337 [R(int) = 0.0258] 
Completeness to theta = 25.242° 99.4 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8624 and 0.7596 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 5337 / 2 / 213 
Goodness-of-fit on F2 1.029 
Final R indices [I>2sigma(I)] R1 = 0.0348, wR2 = 0.0660 
R indices (all data) R1 = 0.0466, wR2 = 0.0703 
Absolute structure parameter -0.011(7) 
Extinction coefficient n/a 
Largest diff. peak and hole 0.641 and -0.422 e.Å-3 
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Table B28. Bond lengths [Å] and angles [°] for  lm13415. 
_____________________________________________________  
Ni(1)-C(2)  1.904(3) 
Ni(1)-C(1)  1.930(3) 
Ni(1)-N(1)  2.059(3) 
Ni(1)-N(2)  2.069(2) 
N(1)-C(16)  1.486(4) 
N(1)-C(17)  1.488(4) 
N(1)-C(11)  1.501(4) 
N(2)-C(18)  1.476(4) 
N(2)-C(14)  1.487(4) 
N(2)-C(15)  1.492(4) 
N(3)-C(19)  1.446(4) 
N(3)-C(12)  1.453(4) 
N(3)-C(13)  1.456(4) 
C(1)-C(8)  1.529(4) 
C(1)-H(1A)  0.9900 
C(1)-H(1B)  0.9900 
C(2)-C(3)  1.402(4) 
C(2)-C(7)  1.413(4) 
C(3)-C(4)  1.390(4) 
C(3)-H(3)  0.9500 
C(4)-C(5)  1.381(4) 
C(4)-H(4)  0.9500 
C(5)-C(6)  1.386(4) 
C(5)-H(5)  0.9500 
C(6)-C(7)  1.391(4) 
C(6)-H(6)  0.9500 
C(7)-C(8)  1.517(4) 
C(8)-C(9)  1.533(4) 
C(8)-C(10)  1.536(4) 
C(9)-H(9A)  0.9800 
C(9)-H(9B)  0.9800 
C(9)-H(9C)  0.9800 
C(10)-H(10A)  0.9800 
C(10)-H(10B)  0.9800 
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C(10)-H(10C)  0.9800 
C(11)-C(12)  1.535(4) 
C(11)-H(11A)  0.9900 
C(11)-H(11B)  0.9900 
C(12)-H(12A)  0.9900 
C(12)-H(12B)  0.9900 
C(13)-C(14)  1.526(4) 
C(13)-H(13A)  0.9900 
C(13)-H(13B)  0.9900 
C(14)-H(14A)  0.9900 
C(14)-H(14B)  0.9900 
C(15)-C(16)  1.497(4) 
C(15)-H(15A)  0.9900 
C(15)-H(15B)  0.9900 
C(16)-H(16A)  0.9900 
C(16)-H(16B)  0.9900 
C(17)-H(17A)  0.9800 
C(17)-H(17B)  0.9800 
C(17)-H(17C)  0.9800 
C(18)-H(18A)  0.9800 
C(18)-H(18B)  0.9800 
C(18)-H(18C)  0.9800 
C(19)-H(19A)  0.9800 
C(19)-H(19B)  0.9800 
C(19)-H(19C)  0.9800 
 
C(2)-Ni(1)-C(1) 80.86(13) 
C(2)-Ni(1)-N(1) 99.81(11) 
C(1)-Ni(1)-N(1) 176.99(15) 
C(2)-Ni(1)-N(2) 175.14(11) 
C(1)-Ni(1)-N(2) 94.97(12) 
N(1)-Ni(1)-N(2) 84.49(10) 
C(16)-N(1)-C(17) 105.1(2) 
C(16)-N(1)-C(11) 111.6(2) 
C(17)-N(1)-C(11) 108.8(2) 
C(16)-N(1)-Ni(1) 102.93(19) 
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C(17)-N(1)-Ni(1) 114.9(2) 
C(11)-N(1)-Ni(1) 113.12(18) 
C(18)-N(2)-C(14) 109.4(2) 
C(18)-N(2)-C(15) 107.0(2) 
C(14)-N(2)-C(15) 109.7(2) 
C(18)-N(2)-Ni(1) 111.97(19) 
C(14)-N(2)-Ni(1) 109.92(17) 
C(15)-N(2)-Ni(1) 108.79(18) 
C(19)-N(3)-C(12) 116.1(2) 
C(19)-N(3)-C(13) 114.8(2) 
C(12)-N(3)-C(13) 116.7(2) 
C(8)-C(1)-Ni(1) 109.4(2) 
C(8)-C(1)-H(1A) 109.8 
Ni(1)-C(1)-H(1A) 109.8 
C(8)-C(1)-H(1B) 109.8 
Ni(1)-C(1)-H(1B) 109.8 
H(1A)-C(1)-H(1B) 108.2 
C(3)-C(2)-C(7) 115.9(3) 
C(3)-C(2)-Ni(1) 129.0(2) 
C(7)-C(2)-Ni(1) 115.0(2) 
C(4)-C(3)-C(2) 122.0(3) 
C(4)-C(3)-H(3) 119.0 
C(2)-C(3)-H(3) 119.0 
C(5)-C(4)-C(3) 120.6(3) 
C(5)-C(4)-H(4) 119.7 
C(3)-C(4)-H(4) 119.7 
C(4)-C(5)-C(6) 119.3(3) 
C(4)-C(5)-H(5) 120.3 
C(6)-C(5)-H(5) 120.3 
C(5)-C(6)-C(7) 120.0(3) 
C(5)-C(6)-H(6) 120.0 
C(7)-C(6)-H(6) 120.0 
C(6)-C(7)-C(2) 122.1(3) 
C(6)-C(7)-C(8) 124.8(3) 
C(2)-C(7)-C(8) 113.1(2) 
C(7)-C(8)-C(1) 102.2(2) 
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C(7)-C(8)-C(9) 110.0(2) 
C(1)-C(8)-C(9) 110.5(3) 
C(7)-C(8)-C(10) 112.8(2) 
C(1)-C(8)-C(10) 112.3(2) 
C(9)-C(8)-C(10) 108.9(2) 
C(8)-C(9)-H(9A) 109.5 
C(8)-C(9)-H(9B) 109.5 
H(9A)-C(9)-H(9B) 109.5 
C(8)-C(9)-H(9C) 109.5 
H(9A)-C(9)-H(9C) 109.5 
H(9B)-C(9)-H(9C) 109.5 
C(8)-C(10)-H(10A) 109.5 
C(8)-C(10)-H(10B) 109.5 
H(10A)-C(10)-H(10B) 109.5 
C(8)-C(10)-H(10C) 109.5 
H(10A)-C(10)-H(10C) 109.5 
H(10B)-C(10)-H(10C) 109.5 
N(1)-C(11)-C(12) 116.1(2) 
N(1)-C(11)-H(11A) 108.3 
C(12)-C(11)-H(11A) 108.3 
N(1)-C(11)-H(11B) 108.3 
C(12)-C(11)-H(11B) 108.3 
H(11A)-C(11)-H(11B) 107.4 
N(3)-C(12)-C(11) 115.9(2) 
N(3)-C(12)-H(12A) 108.3 
C(11)-C(12)-H(12A) 108.3 
N(3)-C(12)-H(12B) 108.3 
C(11)-C(12)-H(12B) 108.3 
H(12A)-C(12)-H(12B) 107.4 
N(3)-C(13)-C(14) 114.2(2) 
N(3)-C(13)-H(13A) 108.7 
C(14)-C(13)-H(13A) 108.7 
N(3)-C(13)-H(13B) 108.7 
C(14)-C(13)-H(13B) 108.7 
H(13A)-C(13)-H(13B) 107.6 
N(2)-C(14)-C(13) 112.5(2) 
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N(2)-C(14)-H(14A) 109.1 
C(13)-C(14)-H(14A) 109.1 
N(2)-C(14)-H(14B) 109.1 
C(13)-C(14)-H(14B) 109.1 
H(14A)-C(14)-H(14B) 107.8 
N(2)-C(15)-C(16) 108.3(2) 
N(2)-C(15)-H(15A) 110.0 
C(16)-C(15)-H(15A) 110.0 
N(2)-C(15)-H(15B) 110.0 
C(16)-C(15)-H(15B) 110.0 
H(15A)-C(15)-H(15B) 108.4 
N(1)-C(16)-C(15) 109.5(2) 
N(1)-C(16)-H(16A) 109.8 
C(15)-C(16)-H(16A) 109.8 
N(1)-C(16)-H(16B) 109.8 
C(15)-C(16)-H(16B) 109.8 
H(16A)-C(16)-H(16B) 108.2 
N(1)-C(17)-H(17A) 109.5 
N(1)-C(17)-H(17B) 109.5 
H(17A)-C(17)-H(17B) 109.5 
N(1)-C(17)-H(17C) 109.5 
H(17A)-C(17)-H(17C) 109.5 
H(17B)-C(17)-H(17C) 109.5 
N(2)-C(18)-H(18A) 109.5 
N(2)-C(18)-H(18B) 109.5 
H(18A)-C(18)-H(18B) 109.5 
N(2)-C(18)-H(18C) 109.5 
H(18A)-C(18)-H(18C) 109.5 
H(18B)-C(18)-H(18C) 109.5 
N(3)-C(19)-H(19A) 109.5 
N(3)-C(19)-H(19B) 109.5 
H(19A)-C(19)-H(19B) 109.5 
N(3)-C(19)-H(19C) 109.5 
H(19A)-C(19)-H(19C) 109.5 
H(19B)-C(19)-H(19C) 109.5 
_____________________________________________________________  
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Projection view with 50% probability ellipsoids: 
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Structure Determination of [Me3tacnNiIIICyc]PF6 (CCDC 1495285) 
Table B29. Crystal data and structure refinement for lm9515. 
Identification code  l9515/lt/x8/MW-4-65 
Empirical formula  C19 H33 F6 N3 Ni P 
Formula weight  507.16 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/c 
Unit cell dimensions a = 8.5826(6) Å α= 90°. 
 b = 16.0807(12) Å β= 96.396(3)°. 
 c = 15.6753(12) Å γ = 90°. 
Volume 2149.9(3) Å3 
Z 4 
Density (calculated) 1.567 Mg/m3 
Absorption coefficient 1.039 mm-1 
F(000) 1060 
Crystal size 0.479 x 0.275 x 0.272 mm3 
Theta range for data collection 1.820 to 40.737°. 
Index ranges -15≤h≤15, -29≤k≤28, -28≤l≤28 
Reflections collected 57895 
Independent reflections 13582 [R(int) = 0.0312] 
Completeness to theta = 25.242° 99.8 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7479 and 0.6836 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 13582 / 1 / 276 
Goodness-of-fit on F2 1.029 
Final R indices [I>2sigma(I)] R1 = 0.0314, wR2 = 0.0774 
R indices (all data) R1 = 0.0456, wR2 = 0.0835 
Extinction coefficient n/a 
Largest diff. peak and hole 0.898 and -0.676 e.Å-3 
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Table B30. Bond lengths [Å] and angles [°] for  lm9515. 
_____________________________________________________  
Ni(1)-C(2)  1.9651(8) 
Ni(1)-C(1)  1.9755(8) 
Ni(1)-N(3)  2.0827(7) 
Ni(1)-N(2)  2.0996(7) 
Ni(1)-N(1)  2.1003(7) 
N(1)-C(17)  1.4796(10) 
N(1)-C(11)  1.4859(10) 
N(1)-C(16)  1.4971(11) 
N(2)-C(19)  1.4843(11) 
N(2)-C(15)  1.4871(10) 
N(2)-C(14)  1.4963(10) 
N(3)-C(18)  1.4762(10) 
N(3)-C(13)  1.4845(11) 
N(3)-C(12)  1.4924(11) 
C(1)-C(8)  1.5264(11) 
C(1)-H(1A)  0.9900 
C(1)-H(1B)  0.9900 
C(2)-C(3)  1.3997(11) 
C(2)-C(7)  1.4062(11) 
C(3)-C(4)  1.3952(12) 
C(3)-H(3)  0.9500 
C(4)-C(5)  1.3872(14) 
C(4)-H(4)  0.9500 
C(5)-C(6)  1.3919(13) 
C(5)-H(5)  0.9500 
C(6)-C(7)  1.3931(11) 
C(6)-H(6)  0.9500 
C(7)-C(8)  1.5063(11) 
C(8)-C(10)  1.5315(11) 
C(8)-C(9)  1.5363(11) 
C(9)-H(9A)  0.9800 
C(9)-H(9B)  0.9800 
C(9)-H(9C)  0.9800 
C(10)-H(10A)  0.9800 
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C(10)-H(10B)  0.9800 
C(10)-H(10C)  0.9800 
C(11)-C(12)  1.5159(12) 
C(11)-H(11A)  0.9900 
C(11)-H(11B)  0.9900 
C(12)-H(12A)  0.9900 
C(12)-H(12B)  0.9900 
C(13)-C(14)  1.5191(12) 
C(13)-H(13A)  0.9900 
C(13)-H(13B)  0.9900 
C(14)-H(14A)  0.9900 
C(14)-H(14B)  0.9900 
C(15)-C(16)  1.5083(12) 
C(15)-H(15A)  0.9900 
C(15)-H(15B)  0.9900 
C(16)-H(16A)  0.9900 
C(16)-H(16B)  0.9900 
C(17)-H(17A)  0.9800 
C(17)-H(17B)  0.9800 
C(17)-H(17C)  0.9800 
C(18)-H(18A)  0.9800 
C(18)-H(18B)  0.9800 
C(18)-H(18C)  0.9800 
C(19)-H(19A)  0.9800 
C(19)-H(19B)  0.9800 
C(19)-H(19C)  0.9800 
P(1)-F(1)  1.5921(6) 
P(1)-F(4)  1.5948(6) 
P(1)-F(3)  1.6029(6) 
P(1)-F(2)  1.6046(6) 
P(1)-F(5)  1.6065(6) 
P(1)-F(6)  1.6089(6) 
 
C(2)-Ni(1)-C(1) 77.96(3) 
C(2)-Ni(1)-N(3) 109.35(3) 
C(1)-Ni(1)-N(3) 101.94(3) 
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C(2)-Ni(1)-N(2) 165.33(3) 
C(1)-Ni(1)-N(2) 95.77(3) 
N(3)-Ni(1)-N(2) 84.82(3) 
C(2)-Ni(1)-N(1) 100.40(3) 
C(1)-Ni(1)-N(1) 173.70(3) 
N(3)-Ni(1)-N(1) 84.35(3) 
N(2)-Ni(1)-N(1) 84.37(3) 
C(17)-N(1)-C(11) 110.52(6) 
C(17)-N(1)-C(16) 108.94(6) 
C(11)-N(1)-C(16) 110.19(6) 
C(17)-N(1)-Ni(1) 114.74(5) 
C(11)-N(1)-Ni(1) 103.53(5) 
C(16)-N(1)-Ni(1) 108.80(5) 
C(19)-N(2)-C(15) 106.37(6) 
C(19)-N(2)-C(14) 108.91(6) 
C(15)-N(2)-C(14) 112.03(6) 
C(19)-N(2)-Ni(1) 118.63(5) 
C(15)-N(2)-Ni(1) 102.76(5) 
C(14)-N(2)-Ni(1) 108.06(5) 
C(18)-N(3)-C(13) 109.65(6) 
C(18)-N(3)-C(12) 109.77(6) 
C(13)-N(3)-C(12) 111.55(6) 
C(18)-N(3)-Ni(1) 113.49(5) 
C(13)-N(3)-Ni(1) 102.87(5) 
C(12)-N(3)-Ni(1) 109.38(5) 
C(8)-C(1)-Ni(1) 107.75(5) 
C(8)-C(1)-H(1A) 110.2 
Ni(1)-C(1)-H(1A) 110.2 
C(8)-C(1)-H(1B) 110.2 
Ni(1)-C(1)-H(1B) 110.2 
H(1A)-C(1)-H(1B) 108.5 
C(3)-C(2)-C(7) 117.54(7) 
C(3)-C(2)-Ni(1) 128.49(6) 
C(7)-C(2)-Ni(1) 113.95(5) 
C(4)-C(3)-C(2) 121.10(8) 
C(4)-C(3)-H(3) 119.5 
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C(2)-C(3)-H(3) 119.5 
C(5)-C(4)-C(3) 120.47(8) 
C(5)-C(4)-H(4) 119.8 
C(3)-C(4)-H(4) 119.8 
C(4)-C(5)-C(6) 119.46(8) 
C(4)-C(5)-H(5) 120.3 
C(6)-C(5)-H(5) 120.3 
C(5)-C(6)-C(7) 120.03(8) 
C(5)-C(6)-H(6) 120.0 
C(7)-C(6)-H(6) 120.0 
C(6)-C(7)-C(2) 121.34(7) 
C(6)-C(7)-C(8) 125.13(7) 
C(2)-C(7)-C(8) 113.46(6) 
C(7)-C(8)-C(1) 102.09(6) 
C(7)-C(8)-C(10) 113.55(7) 
C(1)-C(8)-C(10) 110.43(6) 
C(7)-C(8)-C(9) 110.24(6) 
C(1)-C(8)-C(9) 110.90(6) 
C(10)-C(8)-C(9) 109.47(7) 
C(8)-C(9)-H(9A) 109.5 
C(8)-C(9)-H(9B) 109.5 
H(9A)-C(9)-H(9B) 109.5 
C(8)-C(9)-H(9C) 109.5 
H(9A)-C(9)-H(9C) 109.5 
H(9B)-C(9)-H(9C) 109.5 
C(8)-C(10)-H(10A) 109.5 
C(8)-C(10)-H(10B) 109.5 
H(10A)-C(10)-H(10B) 109.5 
C(8)-C(10)-H(10C) 109.5 
H(10A)-C(10)-H(10C) 109.5 
H(10B)-C(10)-H(10C) 109.5 
N(1)-C(11)-C(12) 110.74(6) 
N(1)-C(11)-H(11A) 109.5 
C(12)-C(11)-H(11A) 109.5 
N(1)-C(11)-H(11B) 109.5 
C(12)-C(11)-H(11B) 109.5 
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H(11A)-C(11)-H(11B) 108.1 
N(3)-C(12)-C(11) 110.72(6) 
N(3)-C(12)-H(12A) 109.5 
C(11)-C(12)-H(12A) 109.5 
N(3)-C(12)-H(12B) 109.5 
C(11)-C(12)-H(12B) 109.5 
H(12A)-C(12)-H(12B) 108.1 
N(3)-C(13)-C(14) 110.54(6) 
N(3)-C(13)-H(13A) 109.5 
C(14)-C(13)-H(13A) 109.5 
N(3)-C(13)-H(13B) 109.5 
C(14)-C(13)-H(13B) 109.5 
H(13A)-C(13)-H(13B) 108.1 
N(2)-C(14)-C(13) 110.85(6) 
N(2)-C(14)-H(14A) 109.5 
C(13)-C(14)-H(14A) 109.5 
N(2)-C(14)-H(14B) 109.5 
C(13)-C(14)-H(14B) 109.5 
H(14A)-C(14)-H(14B) 108.1 
N(2)-C(15)-C(16) 111.28(6) 
N(2)-C(15)-H(15A) 109.4 
C(16)-C(15)-H(15A) 109.4 
N(2)-C(15)-H(15B) 109.4 
C(16)-C(15)-H(15B) 109.4 
H(15A)-C(15)-H(15B) 108.0 
N(1)-C(16)-C(15) 110.17(6) 
N(1)-C(16)-H(16A) 109.6 
C(15)-C(16)-H(16A) 109.6 
N(1)-C(16)-H(16B) 109.6 
C(15)-C(16)-H(16B) 109.6 
H(16A)-C(16)-H(16B) 108.1 
N(1)-C(17)-H(17A) 109.5 
N(1)-C(17)-H(17B) 109.5 
H(17A)-C(17)-H(17B) 109.5 
N(1)-C(17)-H(17C) 109.5 
H(17A)-C(17)-H(17C) 109.5 
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H(17B)-C(17)-H(17C) 109.5 
N(3)-C(18)-H(18A) 109.5 
N(3)-C(18)-H(18B) 109.5 
H(18A)-C(18)-H(18B) 109.5 
N(3)-C(18)-H(18C) 109.5 
H(18A)-C(18)-H(18C) 109.5 
H(18B)-C(18)-H(18C) 109.5 
N(2)-C(19)-H(19A) 109.5 
N(2)-C(19)-H(19B) 109.5 
H(19A)-C(19)-H(19B) 109.5 
N(2)-C(19)-H(19C) 109.5 
H(19A)-C(19)-H(19C) 109.5 
H(19B)-C(19)-H(19C) 109.5 
F(1)-P(1)-F(4) 90.28(3) 
F(1)-P(1)-F(3) 179.36(4) 
F(4)-P(1)-F(3) 90.33(3) 
F(1)-P(1)-F(2) 90.10(4) 
F(4)-P(1)-F(2) 179.57(4) 
F(3)-P(1)-F(2) 89.29(3) 
F(1)-P(1)-F(5) 90.64(4) 
F(4)-P(1)-F(5) 90.02(4) 
F(3)-P(1)-F(5) 89.56(3) 
F(2)-P(1)-F(5) 90.18(4) 
F(1)-P(1)-F(6) 90.13(3) 
F(4)-P(1)-F(6) 89.97(4) 
F(3)-P(1)-F(6) 89.68(3) 
F(2)-P(1)-F(6) 89.83(4) 
F(5)-P(1)-F(6) 179.23(4) 
_____________________________________________________________  
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Projection view with 50% probability ellipsoids: 
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Structure Determination of [Me3tacnNiIVCyc(MeCN)](BF4)2 (CCDC 1495286) 
Table B31.  Crystal data and structure refinement for l21015_sq. 
Identification code  l21015_sq 
Empirical formula  C65 H111 B6 F24 N13 Ni3 
Formula weight  1771.65 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Trigonal 
Space group  R3 
Unit cell dimensions a = 16.6110(9) Å = 90°. 
 b = 16.6110(9) Å = 90°. 
 c = 63.354(4) Å  = 120°. 
Volume 15139.0(19) Å3 
Z 6 
Density (calculated) 1.166 mg/m3 
Absorption coefficient 0.636 mm-1 
F(000) 5532 
Crystal size 0.568 x 0.343 x 0.182 mm3 
Theta range for data collection 1.555 to 25.149°. 
Index ranges -19≤h≤19, -19≤k≤19, -75≤l≤75 
Reflections collected 75722 
Independent reflections 6030 [R(int) = 0.1356] 
Completeness to theta = 25.149° 99.6 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8620 and 0.5893 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 6030 / 93 / 322 
Goodness-of-fit on F2 1.679 
Final R indices [I>2sigma(I)] R1 = 0.1043, wR2 = 0.2894 
R indices (all data) R1 = 0.1651, wR2 = 0.3276 
Largest diff. peak and hole 1.319 and -1.302 e.Å-3 
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Table B32.   Bond lengths [Å] and angles [°] for  l21015_sq. 
_____________________________________________________  
Ni(1)-N(4)  1.858(7) 
Ni(1)-C(2)  1.973(8) 
Ni(1)-N(3)  1.977(6) 
Ni(1)-C(1)  2.032(8) 
Ni(1)-N(1)  2.094(6) 
Ni(1)-N(2)  2.098(6) 
N(1)-C(11)  1.496(10) 
N(1)-C(16)  1.505(11) 
N(1)-C(17)  1.518(11) 
N(3)-C(15)  1.497(12) 
N(3)-C(14)  1.524(11) 
N(3)-C(19)  1.547(10) 
N(2)-C(18)  1.453(10) 
N(2)-C(13)  1.483(10) 
N(2)-C(12)  1.503(10) 
N(4)-C(20)  1.121(10) 
C(2)-C(3)  1.349(10) 
C(2)-C(7)  1.412(11) 
C(3)-C(4)  1.372(14) 
C(3)-H(3)  0.9500 
C(4)-C(5)  1.424(16) 
C(4)-H(4)  0.9500 
C(5)-C(6)  1.332(14) 
C(5)-H(5)  0.9500 
C(6)-C(7)  1.373(12) 
C(6)-H(6)  0.9500 
C(7)-C(8)  1.518(11) 
C(8)-C(1)  1.497(12) 
C(8)-C(10)  1.552(13) 
C(8)-C(9)  1.561(14) 
C(1)-H(1A)  0.9900 
C(1)-H(1B)  0.9900 
C(9)-H(9A)  0.9800 
C(9)-H(9B)  0.9800 
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C(9)-H(9C)  0.9800 
C(10)-H(10A)  0.9800 
C(10)-H(10B)  0.9800 
C(10)-H(10C)  0.9800 
C(16)-C(15)  1.491(12) 
C(16)-H(16A)  0.9900 
C(16)-H(16B)  0.9900 
C(15)-H(15A)  0.9900 
C(15)-H(15B)  0.9900 
C(14)-C(13)  1.488(13) 
C(14)-H(14A)  0.9900 
C(14)-H(14B)  0.9900 
C(13)-H(13A)  0.9900 
C(13)-H(13B)  0.9900 
C(12)-C(11)  1.508(12) 
C(12)-H(12A)  0.9900 
C(12)-H(12B)  0.9900 
C(11)-H(11A)  0.9900 
C(11)-H(11B)  0.9900 
C(19)-H(19A)  0.9800 
C(19)-H(19B)  0.9800 
C(19)-H(19C)  0.9800 
C(17)-H(17A)  0.9800 
C(17)-H(17B)  0.9800 
C(17)-H(17C)  0.9800 
C(18)-H(18A)  0.9800 
C(18)-H(18B)  0.9800 
C(18)-H(18C)  0.9800 
C(20)-C(21)  1.464(12) 
C(21)-H(21A)  0.9800 
C(21)-H(21B)  0.9800 
C(21)-H(21C)  0.9800 
N(5)-C(22)  1.203(18) 
C(22)-C(23)  1.401(18) 
C(23)-H(23A)  0.9800 
C(23)-H(23B)  0.9800 
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C(23)-H(23C)  0.9800 
B(2)-F(6)  1.367(11) 
B(2)-F(5)#1  1.391(5) 
B(2)-F(5)#2  1.391(5) 
B(2)-F(5)  1.391(5) 
B(3)-F(8)  1.346(13) 
B(3)-F(7)  1.355(7) 
B(3)-F(7)#3  1.355(7) 
B(3)-F(7)#4  1.355(7) 
B(1)-F(2)  1.297(10) 
B(1)-F(1)  1.318(13) 
B(1)-F(4)  1.346(14) 
B(1)-F(3)  1.391(10) 
 
N(4)-Ni(1)-C(2) 89.2(3) 
N(4)-Ni(1)-N(3) 178.8(3) 
C(2)-Ni(1)-N(3) 91.5(3) 
N(4)-Ni(1)-C(1) 86.3(3) 
C(2)-Ni(1)-C(1) 81.7(3) 
N(3)-Ni(1)-C(1) 94.8(3) 
N(4)-Ni(1)-N(1) 92.2(3) 
C(2)-Ni(1)-N(1) 103.1(3) 
N(3)-Ni(1)-N(1) 86.6(3) 
C(1)-Ni(1)-N(1) 175.0(3) 
N(4)-Ni(1)-N(2) 92.8(3) 
C(2)-Ni(1)-N(2) 172.4(3) 
N(3)-Ni(1)-N(2) 86.7(3) 
C(1)-Ni(1)-N(2) 91.1(3) 
N(1)-Ni(1)-N(2) 84.2(3) 
C(11)-N(1)-C(16) 110.6(7) 
C(11)-N(1)-C(17) 105.6(6) 
C(16)-N(1)-C(17) 110.9(7) 
C(11)-N(1)-Ni(1) 105.1(5) 
C(16)-N(1)-Ni(1) 106.3(5) 
C(17)-N(1)-Ni(1) 118.1(6) 
C(15)-N(3)-C(14) 110.5(7) 
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C(15)-N(3)-C(19) 104.1(7) 
C(14)-N(3)-C(19) 108.1(7) 
C(15)-N(3)-Ni(1) 106.2(5) 
C(14)-N(3)-Ni(1) 108.9(5) 
C(19)-N(3)-Ni(1) 118.7(5) 
C(18)-N(2)-C(13) 108.9(7) 
C(18)-N(2)-C(12) 107.7(6) 
C(13)-N(2)-C(12) 108.8(7) 
C(18)-N(2)-Ni(1) 119.1(5) 
C(13)-N(2)-Ni(1) 102.1(5) 
C(12)-N(2)-Ni(1) 109.7(5) 
C(20)-N(4)-Ni(1) 175.2(8) 
C(3)-C(2)-C(7) 119.6(8) 
C(3)-C(2)-Ni(1) 125.8(7) 
C(7)-C(2)-Ni(1) 114.5(5) 
C(2)-C(3)-C(4) 121.2(9) 
C(2)-C(3)-H(3) 119.4 
C(4)-C(3)-H(3) 119.4 
C(3)-C(4)-C(5) 119.7(10) 
C(3)-C(4)-H(4) 120.2 
C(5)-C(4)-H(4) 120.2 
C(6)-C(5)-C(4) 117.8(11) 
C(6)-C(5)-H(5) 121.1 
C(4)-C(5)-H(5) 121.1 
C(5)-C(6)-C(7) 123.6(11) 
C(5)-C(6)-H(6) 118.2 
C(7)-C(6)-H(6) 118.2 
C(6)-C(7)-C(2) 118.0(8) 
C(6)-C(7)-C(8) 122.6(8) 
C(2)-C(7)-C(8) 119.3(7) 
C(1)-C(8)-C(7) 105.2(7) 
C(1)-C(8)-C(10) 108.5(8) 
C(7)-C(8)-C(10) 111.1(7) 
C(1)-C(8)-C(9) 111.4(8) 
C(7)-C(8)-C(9) 107.9(8) 
C(10)-C(8)-C(9) 112.6(9) 
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C(8)-C(1)-Ni(1) 116.3(5) 
C(8)-C(1)-H(1A) 108.2 
Ni(1)-C(1)-H(1A) 108.2 
C(8)-C(1)-H(1B) 108.2 
Ni(1)-C(1)-H(1B) 108.2 
H(1A)-C(1)-H(1B) 107.4 
C(8)-C(9)-H(9A) 109.5 
C(8)-C(9)-H(9B) 109.5 
H(9A)-C(9)-H(9B) 109.5 
C(8)-C(9)-H(9C) 109.5 
H(9A)-C(9)-H(9C) 109.5 
H(9B)-C(9)-H(9C) 109.5 
C(8)-C(10)-H(10A) 109.5 
C(8)-C(10)-H(10B) 109.5 
H(10A)-C(10)-H(10B) 109.5 
C(8)-C(10)-H(10C) 109.5 
H(10A)-C(10)-H(10C) 109.5 
H(10B)-C(10)-H(10C) 109.5 
C(15)-C(16)-N(1) 113.1(7) 
C(15)-C(16)-H(16A) 109.0 
N(1)-C(16)-H(16A) 109.0 
C(15)-C(16)-H(16B) 109.0 
N(1)-C(16)-H(16B) 109.0 
H(16A)-C(16)-H(16B) 107.8 
C(16)-C(15)-N(3) 111.2(7) 
C(16)-C(15)-H(15A) 109.4 
N(3)-C(15)-H(15A) 109.4 
C(16)-C(15)-H(15B) 109.4 
N(3)-C(15)-H(15B) 109.4 
H(15A)-C(15)-H(15B) 108.0 
C(13)-C(14)-N(3) 112.3(7) 
C(13)-C(14)-H(14A) 109.1 
N(3)-C(14)-H(14A) 109.1 
C(13)-C(14)-H(14B) 109.1 
N(3)-C(14)-H(14B) 109.1 
H(14A)-C(14)-H(14B) 107.9 
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N(2)-C(13)-C(14) 111.2(7) 
N(2)-C(13)-H(13A) 109.4 
C(14)-C(13)-H(13A) 109.4 
N(2)-C(13)-H(13B) 109.4 
C(14)-C(13)-H(13B) 109.4 
H(13A)-C(13)-H(13B) 108.0 
N(2)-C(12)-C(11) 109.9(7) 
N(2)-C(12)-H(12A) 109.7 
C(11)-C(12)-H(12A) 109.7 
N(2)-C(12)-H(12B) 109.7 
C(11)-C(12)-H(12B) 109.7 
H(12A)-C(12)-H(12B) 108.2 
N(1)-C(11)-C(12) 111.5(6) 
N(1)-C(11)-H(11A) 109.3 
C(12)-C(11)-H(11A) 109.3 
N(1)-C(11)-H(11B) 109.3 
C(12)-C(11)-H(11B) 109.3 
H(11A)-C(11)-H(11B) 108.0 
N(3)-C(19)-H(19A) 109.5 
N(3)-C(19)-H(19B) 109.5 
H(19A)-C(19)-H(19B) 109.5 
N(3)-C(19)-H(19C) 109.5 
H(19A)-C(19)-H(19C) 109.5 
H(19B)-C(19)-H(19C) 109.5 
N(1)-C(17)-H(17A) 109.5 
N(1)-C(17)-H(17B) 109.5 
H(17A)-C(17)-H(17B) 109.5 
N(1)-C(17)-H(17C) 109.5 
H(17A)-C(17)-H(17C) 109.5 
H(17B)-C(17)-H(17C) 109.5 
N(2)-C(18)-H(18A) 109.5 
N(2)-C(18)-H(18B) 109.5 
H(18A)-C(18)-H(18B) 109.5 
N(2)-C(18)-H(18C) 109.5 
H(18A)-C(18)-H(18C) 109.5 
H(18B)-C(18)-H(18C) 109.5 
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N(4)-C(20)-C(21) 177.7(11) 
C(20)-C(21)-H(21A) 109.5 
C(20)-C(21)-H(21B) 109.5 
H(21A)-C(21)-H(21B) 109.5 
C(20)-C(21)-H(21C) 109.5 
H(21A)-C(21)-H(21C) 109.5 
H(21B)-C(21)-H(21C) 109.5 
N(5)-C(22)-C(23) 180.000(10) 
C(22)-C(23)-H(23A) 109.5 
C(22)-C(23)-H(23B) 109.5 
H(23A)-C(23)-H(23B) 109.5 
C(22)-C(23)-H(23C) 109.5 
H(23A)-C(23)-H(23C) 109.5 
H(23B)-C(23)-H(23C) 109.5 
F(6)-B(2)-F(5)#1 109.5(5) 
F(6)-B(2)-F(5)#2 109.5(5) 
F(5)#1-B(2)-F(5)#2 109.4(5) 
F(6)-B(2)-F(5) 109.5(5) 
F(5)#1-B(2)-F(5) 109.4(5) 
F(5)#2-B(2)-F(5) 109.4(5) 
F(8)-B(3)-F(7) 105.9(7) 
F(8)-B(3)-F(7)#3 105.9(7) 
F(7)-B(3)-F(7)#3 112.8(6) 
F(8)-B(3)-F(7)#4 105.9(7) 
F(7)-B(3)-F(7)#4 112.8(6) 
F(7)#3-B(3)-F(7)#4 112.8(6) 
F(2)-B(1)-F(1) 110.1(11) 
F(2)-B(1)-F(4) 109.5(12) 
F(1)-B(1)-F(4) 107.1(8) 
F(2)-B(1)-F(3) 110.7(7) 
F(1)-B(1)-F(3) 109.4(9) 
F(4)-B(1)-F(3) 110.1(9) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -y+1,x-y,z    #2 -x+y+1,-x+1,z    #3 -x+y,-x,z       
#4 -y,x-y,z  
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 Projection view with 50% probability ellipsoids (The BF4
- anions and MeCN solvent omitted for 
clarity): 
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Structure determination of (PyMe2tacn)PdIICl2 
Table B33. Crystal data and structure refinement for (L1)PdIICl2 (1). 
Identification code  l1712/lt/AS-pytacn-PdCl2 
Empirical formula  C60 H108 Cl8 N18 O3 Pd4 
Formula weight  1838.84 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  C2/c 
Unit cell dimensions a = 31.2376(14) Å  = 90° 
 b = 7.5015(3) Å β = 109.680(2)° 
 c = 17.3546(7) Å  = 90° 
Volume 3829.1(3) Å3 
Z 2 
Density (calculated) 1.595 Mg/m3 
Absorption coefficient 1.257 mm-1 
F(000) 1876 
Crystal size 0.18 x 0.16 x 0.15 mm3 
Theta range for data collection 2.41 to 26.44°. 
Index ranges -38≤h≤38, -9≤k≤9, -21≤l≤21 
Reflections collected 18903 
Independent reflections 3921 [R(int) = 0.0399] 
Completeness to theta = 26.44° 99.1 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8358 and 0.8044 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 3921 / 22 / 246 
Goodness-of-fit on F2 1.088 
Final R indices [I>2sigma(I)] R1 = 0.0310, wR2 = 0.0549 
R indices (all data) R1 = 0.0435, wR2 = 0.0582 
Largest diff. peak and hole 0.807 and -0.630 e.Å-3 
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Structure determination of (PyMe2tacn)PdIIMeCl 
Table B34.  Crystal data and structure refinement for (L1)PdIIMeCl (2). 
Identification code  l14612/lt/AS-PytacnPdMeCl 
Empirical formula  C15 H27 Cl N4 Pd 
Formula weight  405.26 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/n 
Unit cell dimensions a = 11.6230(5) Å  = 90° 
 b = 9.8859(4) Å β = 100.116(2)° 
 c = 15.4730(6) Å  = 90° 
Volume 1750.27(12) Å3 
Z 4 
Density (calculated) 1.538 Mg/m3 
Absorption coefficient 1.213 mm-1 
F(000) 832 
Crystal size 0.31 x 0.28 x 0.16 mm3 
Theta range for data collection 2.03 to 34.46°. 
Index ranges -18≤h≤18, -15≤k≤15, -24≤l≤24 
Reflections collected 37839 
Independent reflections 7395 [R(int) = 0.0410] 
Completeness to theta = 34.46° 99.8 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8315 and 0.7057 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7395 / 0 / 193 
Goodness-of-fit on F2 1.022 
Final R indices [I>2sigma(I)] R1 = 0.0270, wR2 = 0.0557 
R indices (all data) R1 = 0.0385, wR2 = 0.0599 
Largest diff. peak and hole 0.677 and -0.897 e.Å-3 
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Structure determination of (DBN-Py2)PdIICl2 
Table B35.  Crystal data and structure refinement for (L3)PdIICl2 (5). 
Identification code  l1012/lt/AS-bispidine-PdCl2 
Empirical formula  C27 H35 Cl2 N5 O6 Pd 
Formula weight  702.90 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 11.3753(6) Å  = 107.911(4)° 
 b = 12.1151(8) Å β = 109.057(4)° 
 c = 12.3903(13) Å  = 103.071(3)° 
Volume 1430.92(19) Å3 
Z 2 
Density (calculated) 1.631 Mg/m3 
Absorption coefficient 0.886 mm-1 
F(000) 720 
Crystal size 0.22 x 0.11 x 0.04 mm3 
Theta range for data collection 1.90 to 25.43°. 
Index ranges -13≤h≤13, -14≤k≤14, -14≤l≤14 
Reflections collected 34539 
Independent reflections 5204 [R(int) = 0.0707] 
Completeness to theta = 25.43° 98.4 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9637 and 0.8323 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 5204 / 3 / 377 
Goodness-of-fit on F2 1.019 
Final R indices [I>2sigma(I)] R1 = 0.0327, wR2 = 0.0705 
R indices (all data) R1 = 0.0496, wR2 = 0.0772 
Largest diff. peak and hole 0.631 and -0.470 e.Å-3 
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Appendix C 
 
Computational Data from DFT Calculations 
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DFT Calculations of [MeN4NiIIICl2]+ 
The DFT calculations were performed using Gaussian097 software package. The B3LYP 
functional was used with the basis set 6-31G* for all non-nickel atoms and using the m6-31G* 
basis set for the nickel atom. This combination of hybrid functional and basis sets has been 
previously shown to work well for reproducing experimental parameters for Ni complexes.8, 9 Spin 
unrestricted geometry optimizations with a SCRF of acetonitrile were performed on 1-4 starting 
from the crystallographic data with counteranions excluded. If not crystallographic data was 
available, then a similar structure was used as a starting point. The ground state wavefunction was 
investigated by analyzing the frontier MOs and the atomic contributions to these MOs was 
calculated using Chemissian.10  
Cartesian coordinates for [MeN4NiIIICl2]
+. 
 Ni                 0.00177300   -0.00131400   -0.00035500 
 Cl                 2.24557400    0.00381700    0.02621500 
 N                 -0.29789700   -0.29644600    2.17975000 
 N                 -1.91793600   -0.15435600   -0.02463800 
 C                 -4.60430500   -0.67523900   -0.05847400 
 C                 -2.56637200   -0.28123900    1.14581500 
 C                 -2.53664300   -0.28063000   -1.21115200 
 C                 -3.90339300   -0.54358800   -1.25725000 
 C                 -3.93382600   -0.54445000    1.15769300 
 H                 -4.39815400   -0.64728700   -2.21696800 
 H                 -4.45223500   -0.64885900    2.10474300 
 C                 -1.74868200   -0.04253700    2.38938100 
 H                 -1.86276700    1.01304800    2.65646500 
 H                 -2.13870900   -0.63402500    3.22606400 
 C                 -1.68811900   -0.04252800   -2.43417100 
 H                 -1.79827800    1.01195600   -2.70723700 
 H                 -2.05486700   -0.63734500   -3.27909000 
 N                 -0.24241200   -0.29202400   -2.18700400 
 C                  0.06819300   -1.71935400    2.41061300 
 H                 -0.49789800   -2.14392300    3.24750100 
 H                  1.12718700   -1.74685900    2.68796300 
 C                  0.13427700   -1.71337300   -2.41070200 
 H                  1.20076400   -1.73714000   -2.65814900 
 H                 -0.40653000   -2.13766600   -3.26417800 
 C                 -0.09430800   -2.56699000    1.17501500 
 C                 -0.22835700   -3.94631000   -1.21499500 
 N                  0.00325300   -1.92471300   -0.00169200 
 C                 -0.26210000   -3.94922800    1.19985600 
 C                 -0.32883200   -4.64095900   -0.00955900 
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 C                 -0.06146400   -2.56419900   -1.18212500 
 H                 -0.34401500   -4.46320200    2.15149900 
 H                 -0.28349700   -4.45801300   -2.16976900 
 H                 -5.66861200   -0.88883500   -0.07200900 
 H                 -0.46907800   -5.71743500   -0.01284000 
 Cl                -0.17348800    2.23528300    0.00255300 
 C                  0.57317200    0.58669700   -3.05762300 
 H                  0.38465500    0.36927900   -4.11753500 
 H                  0.32041300    1.62723900   -2.84999700 
 H                  1.62945100    0.42745500   -2.83647100 
 C                  0.49772300    0.57818700    3.07278800 
 H                  0.28173100    0.35919400    4.12709900 
 H                  1.55878600    0.41624400    2.87807900 
 H                  0.25335200    1.61985100    2.86060600 
 
 
Mulliken atomic spin densities for [MeN4NiIIICl2]
+ 
 
     1  Ni   0.803743           
     2  Cl  -0.025843 
     3  N    0.120458 
     4  N    0.001985 
     5  C   -0.000675 
     6  C   -0.000030 
     7  C   -0.000021 
     8  C   -0.000921 
     9  C   -0.000919 
    10  H    0.000311 
    11  H    0.000311 
    12  C   -0.003375 
    13  H    0.000105 
    14  H    0.003991 
    15  C   -0.003362 
    16  H    0.000102 
    17  H    0.003993 
    18  N    0.120527 
    19  C   -0.003417 
    20  H    0.004005 
    21  H    0.000111 
    22  C   -0.003432 
    23  H    0.000112 
    24  H    0.004000 
    25  C    0.000022 
    26  C   -0.000976 
    27  N    0.001208 
    28  C   -0.000976 
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    29  C   -0.000625 
    30  C    0.000015 
    31  H    0.000300 
    32  H    0.000299 
    33  H   -0.000068 
    34  H   -0.000069 
    35  Cl  -0.026392 
    36  C   -0.006000 
    37  H    0.006359 
    38  H    0.001203 
    39  H    0.001192 
    40  C   -0.005999 
    41  H    0.006356 
    42  H    0.001197 
    43  H    0.001197 
 
 
Figure C1. DFT calculated Mulliken spin density of [MeN4NiIIICl2]
+ (shown with 0.005 
isodensity contour plot).  
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Wavelength (nm) Osc. Strength Major contributions 
647.10 0.005 H-13(B)->L+1(B) (39%), HOMO(B)->L+1(B) (33%) 
642.11 0.0019 H-1(A)->LUMO(A) (97%) 
568.47 0.0039 H-5(A)->LUMO(A) (39%), H-4(B)->LUMO(B) (23%) 
512.56 0.0025 
H-4(A)->LUMO(A) (34%), H-12(B)->LUMO(B) (18%), H-3(B)-
>LUMO(B) (27%) 
426.37 0.0076 H-9(A)->LUMO(A) (45%), H-5(A)->LUMO(A) (21%) 
406.57 0.0185 H-8(A)->LUMO(A) (46%) 
355.11 0.0027 H-10(A)->LUMO(A) (15%), H-8(B)->LUMO(B) (43%) 
347.47 0.0053 H-11(A)->LUMO(A) (17%), H-8(A)->LUMO(A) (45%) 
338.52 0.0822 H-13(B)->L+1(B) (18%), HOMO(B)->L+1(B) (44%) 
322.46 0.0178 H-14(A)->LUMO(A) (18%), H-12(B)->LUMO(B) (43%) 
321.07 0.0452 H-10(A)->LUMO(A) (31%), H-4(B)->LUMO(B) (17%) 
320.92 0.0048 HOMO(A)->L+1(A) (15%) 
317.55 0.0029 HOMO(A)->L+1(A) (75%) 
310.89 0.0016 H-8(B)->L+1(B) (42%), H-4(B)->L+1(B) (21%) 
302.05 0.0036 H-5(B)->L+1(B) (34%) 
298.67 0.0014 H-5(B)->L+1(B) (42%) 
Figure C2. Simulated UV-Vis spectra for [MeN4NiIIICl2]
+ (top) and the calculated electronic 
transitions from TD-DFT (bottom).  
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Cartesian coordinates for [tBuN4NiIIICl2]
+ 
Ni                 0.11978500    0.13342600    0.00413000 
 Cl                 2.36310800    0.18880600    0.03215100 
 N                 -0.20598400   -0.39543900    2.28259100 
 N                 -1.79795700    0.05434500    0.00480800 
 C                 -4.53035400    0.24591400    0.05566500 
 C                 -2.44627400   -0.24988600    1.14329600 
 C                 -2.44669800    0.38484000   -1.12889200 
 C                 -3.83521700    0.48406300   -1.12996500 
 C                 -3.83446500   -0.13932800    1.19998200 
 H                 -4.35311200    0.73932700   -2.04826700 
 H                 -4.35178000   -0.37139000    2.12482500 
 C                 -1.63331500   -0.83755600    2.26923000 
 H                 -2.13064300   -0.64357000    3.22009000 
 H                 -1.67023800   -1.92467900    2.13884100 
 C                 -1.60016100    0.60477700   -2.35850900 
 H                 -1.33973500    1.66248100   -2.42727700 
 H                 -2.19685000    0.34738600   -3.24062200 
 N                 -0.34188700   -0.18958700   -2.29017100 
 C                  0.68429500   -1.58922300    2.34328100 
 H                  0.45646700   -2.22088700    3.20895400 
 H                  1.71714300   -1.24946400    2.43833200 
 C                 -0.67002700   -1.64731900   -2.30952300 
 H                 -0.42312300   -2.10804200   -3.26618100 
 H                 -1.75270700   -1.77095400   -2.19644900 
 C                  0.55742200   -2.42518700    1.09442200 
 C                  0.19504300   -3.80382000   -1.26989000 
 N                  0.19370900   -1.78304500   -0.03263000 
 C                  0.77627500   -3.79973500    1.07085000 
 C                  0.61981800   -4.48764800   -0.13219100 
 C                 -0.03437300   -2.43157200   -1.18917400 
 H                  1.05955400   -4.31271500    1.98364100 
 H                  0.02367900   -4.32048900   -2.20820800 
 H                 -5.61201300    0.33516300    0.08005500 
 H                  0.80373400   -5.55669900   -0.17594200 
 Cl                -0.00741800    2.37307000    0.01390000 
 C                  0.64338300    0.18752900   -3.41402400 
 C                  0.07411200    0.59181400    3.43244000 
 C                  0.02795200   -0.12491100    4.79986500 
 H                  0.86429700   -0.81816500    4.93332000 
 H                  0.09897000    0.62937900    5.59086000 
 H                 -0.90636300   -0.67441500    4.95706300 
 C                 -0.98057300    1.71399400    3.41814800 
 H                 -1.04923600    2.18734100    2.43639000 
 H                 -1.97464600    1.37033500    3.71918800 
 H                 -0.67652200    2.47913700    4.14005000 
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 C                  1.45950000    1.23227300    3.25606500 
 H                  2.27171800    0.50079700    3.28939100 
 H                  1.52647100    1.78572500    2.31819700 
 H                  1.62174700    1.93045700    4.08456400 
 C                  1.17535200    1.61228900   -3.19579400 
 H                  0.38465000    2.36752400   -3.21387000 
 H                  1.71517300    1.69470000   -2.25127000 
 H                  1.86663200    1.84869500   -4.01230900 
 C                  1.83895600   -0.78266200   -3.39540200 
 H                  2.29400100   -0.83755500   -2.40408500 
 H                  1.57488000   -1.79251500   -3.72344200 
 H                  2.59524400   -0.40930900   -4.09373800 
 C                 -0.04164100    0.11687400   -4.79662800 
 H                  0.71870700    0.26478300   -5.57098500 
 H                 -0.51329000   -0.85378300   -4.98439700 
 H                 -0.79616800    0.89902500   -4.92656200 
 
 
Mulliken atomic spin densities for [tBuN4NiIIICl2]
+ 
 
     1  Ni   0.797598 
     2  Cl  -0.031619 
     3  N    0.126838 
     4  N    0.001722 
     5  C   -0.000604 
     6  C    0.000693 
     7  C   -0.001196 
     8  C   -0.000328 
     9  C   -0.000936 
    10  H    0.000164 
    11  H    0.000327 
    12  C   -0.002471 
    13  H    0.002706 
    14  H    0.000535 
    15  C   -0.004551 
    16  H    0.000706 
    17  H    0.003702 
    18  N    0.127020 
    19  C   -0.004532 
    20  H    0.003652 
    21  H    0.000688 
    22  C   -0.002476 
    23  H    0.002734 
    24  H    0.000513 
    25  C   -0.001212 
    26  C   -0.000938 
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    27  N    0.001709 
    28  C   -0.000323 
    29  C   -0.000597 
    30  C    0.000717 
    31  H    0.000162 
    32  H    0.000328 
    33  H   -0.000082 
    34  H   -0.000082 
    35  Cl  -0.031959 
    36  C   -0.004318 
    37  C   -0.004298 
    38  C    0.007274 
    39  H   -0.000363 
    40  H    0.001429 
    41  H   -0.000376 
    42  C    0.000557 
    43  H    0.000222 
    44  H   -0.000067 
    45  H   -0.000231 
    46  C    0.001823 
    47  H   -0.000097 
    48  H    0.000159 
    49  H   -0.000322 
    50  C    0.001849 
    51  H   -0.000099 
    52  H    0.000160 
    53  H   -0.000326 
    54  C    0.000548 
    55  H    0.000222 
    56  H   -0.000068 
    57  H   -0.000231 
    58  C    0.007256 
    59  H    0.001425 
    60  H   -0.000375 
    61  H   -0.000362 
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Figure C3. DFT calculated Mulliken spin density of [tBuN4NiIIICl2]
+ (shown with 0.004 
isodensity contour plot).  
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Wavelength 
(nm) 
Osc. 
Strength Major contribs 
833.40 0.0105 
H-19(B)->LUMO(B) (13%), H-18(B)->LUMO(B) (11%), HOMO(B)-
>LUMO(B) (36%) 
753.79 0.0016 H-4(A)->LUMO(A) (30%) 
664.47 0.002 H-2(A)->LUMO(A) (71%), H-1(A)->LUMO(A) (20%) 
560.53 0.0025 
H-6(A)->LUMO(A) (28%), H-9(B)->L+1(B) (16%), H-5(B)->L+1(B) 
(15%) 
525.27 0.0052 
H-4(A)->LUMO(A) (34%), H-17(B)->L+1(B) (13%), H-2(B)-
>L+1(B) (26%) 
452.30 0.0032 H-1(B)->LUMO(B) (87%) 
439.68 0.0115 H-9(A)->LUMO(A) (38%), H-6(A)->LUMO(A) (17%) 
439.19 0.0027 
H-7(A)->LUMO(A) (48%), H-1(B)->L+1(B) (15%), HOMO(B)-
>L+1(B) (11%) 
430.61 0.0925 
H-6(B)->LUMO(B) (16%), H-1(B)->LUMO(B) (10%), HOMO(B)-
>LUMO(B) (38%) 
418.72 0.0064 H-7(A)->LUMO(A) (27%), HOMO(B)->L+1(B) (18%) 
411.50 0.0077 H-8(A)->LUMO(A) (30%), H-7(B)->LUMO(B) (13%) 
410.50 0.0017 H-7(B)->L+1(B) (39%), H-2(B)->L+1(B) (15%) 
382.64 0.008 H-3(B)->LUMO(B) (89%) 
360.73 0.002 H-6(B)->L+1(B) (43%), H-3(B)->L+1(B) (15%) 
352.98 0.0029 
H-12(A)->LUMO(A) (16%), H-9(B)->L+1(B) (22%), H-5(B)-
>L+1(B) (31%) 
346.60 0.0018 H-9(B)->LUMO(B) (27%), H-5(B)->LUMO(B) (38%) 
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345.58 0.0032 H-7(B)->L+1(B) (23%), H-4(B)->L+1(B) (58%) 
343.70 0.0091 H-6(B)->LUMO(B) (55%) 
334.92 0.0038 
H-13(A)->LUMO(A) (12%), H-8(A)->LUMO(A) (23%), H-7(B)-
>LUMO(B) (13%) 
333.95 0.0133 
H-14(A)->LUMO(A) (12%), H-12(A)->LUMO(A) (14%), H-8(B)-
>LUMO(B) (15%) 
316.84 0.0077 H-14(A)->LUMO(A) (15%), H-12(A)->LUMO(A) (21%) 
307.87 0.0215 H-8(B)->LUMO(B) (42%) 
Figure C4. Simulated UV-Vis spectra for [tBuN4NiIIICl2]
+ (top) and the calculated electronic 
transitions from TD-DFT (bottom).  
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Cartesian coordinates for [MeN4OMeNiIIICl2]
+ 
Ni                 0.02806400    0.02848700    0.00170900 
 Cl                 2.27477200    0.04155800   -0.00411600 
 N                 -0.24388600   -0.23528300    2.19268100 
 N                 -1.88652500   -0.12858200    0.00966800 
 C                 -4.57967800   -0.70190900    0.02874200 
 C                 -2.52387000   -0.24935200    1.18520000 
 C                 -2.53053200   -0.29632800   -1.16411200 
 C                 -3.88101300   -0.58571900   -1.18887000 
 C                 -3.88245800   -0.53178600    1.23700000 
 H                 -4.40216200   -0.72267800   -2.12989400 
 H                 -4.36869000   -0.62186000    2.20010500 
 C                 -1.69282700    0.01757700    2.41581600 
 H                 -1.80666700    1.07815900    2.66172600 
 H                 -2.06959700   -0.55822500    3.26938300 
 C                 -1.70540900   -0.06217800   -2.40461500 
 H                 -1.81906600    0.99153400   -2.67840200 
 H                 -2.08483400   -0.66073000   -3.24121100 
 N                 -0.25565000   -0.30844200   -2.17944200 
 C                  0.13070600   -1.65349000    2.43825700 
 H                 -0.41609300   -2.06557100    3.29407400 
 H                  1.19570400   -1.67336000    2.69174500 
 C                  0.11659200   -1.73438000   -2.38013000 
 H                  1.18163900   -1.76302500   -2.63218100 
 H                 -0.43014500   -2.17284900   -3.22254700 
 C                 -0.05745500   -2.51904200    1.21729600 
 C                 -0.26290800   -3.92777600   -1.14149900 
 N                  0.03133300   -1.88979000    0.03440900 
 C                 -0.24049100   -3.89374700    1.28461600 
 C                 -0.34376400   -4.61721400    0.08428500 
 C                 -0.07312100   -2.55950500   -1.13223300 
 H                 -0.30483400   -4.37263500    2.25332800 
 H                 -0.34817400   -4.46975400   -2.07676800 
 Cl                -0.14759300    2.26730400   -0.03361600 
 C                  0.54416200    0.55230900   -3.08094300 
 H                  0.33570300    0.31732100   -4.13349100 
 H                  0.29755400    1.59698500   -2.88640300 
 H                  1.60429200    0.39510200   -2.87711600 
 C                  0.55951000    0.65448100    3.06260100 
 H                  0.35857800    0.45054500    4.12305600 
 H                  1.61866200    0.49393600    2.85624000 
 H                  0.30851300    1.69220600    2.83888300 
 O                 -0.52840700   -5.93972400    0.00500800 
 O                 -5.88421300   -0.98320100   -0.06564100 
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 C                 -6.66508600   -1.09086700    1.13701700 
 H                 -6.64991500   -0.14971800    1.69599700 
 H                 -7.68098900   -1.30609800    0.80456000 
 H                 -6.30125500   -1.90947800    1.76651600 
 C                 -0.58847800   -6.71249300    1.21641900 
 H                 -1.44284100   -6.41058800    1.83113400 
 H                 -0.71443300   -7.74634000    0.89357300 
 H                  0.34081700   -6.61302700    1.78627500 
 
 
Mulliken atomic spin densities for [MeN4OMeNiIIICl2]
+ 
 
     1  Ni   0.803551 
     2  Cl  -0.025385 
     3  N    0.119185 
     4  N    0.001891 
     5  C   -0.000438 
     6  C    0.000205 
     7  C    0.000273 
     8  C   -0.000998 
     9  C   -0.000991 
    10  H    0.000374 
    11  H    0.000362 
    12  C   -0.003296 
    13  H    0.000108 
    14  H    0.003982 
    15  C   -0.003372 
    16  H    0.000118 
    17  H    0.004056 
    18  N    0.119933 
    19  C   -0.003350 
    20  H    0.003996 
    21  H    0.000117 
    22  C   -0.003421 
    23  H    0.000126 
    24  H    0.004064 
    25  C    0.000240 
    26  C   -0.001050 
    27  N    0.001152 
    28  C   -0.001040 
    29  C   -0.000401 
    30  C    0.000314 
    31  H    0.000351 
    32  H    0.000363 
    33  Cl  -0.025946 
    34  C   -0.006020 
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    35  H    0.006328 
    36  H    0.001224 
    37  H    0.001186 
    38  C   -0.005986 
    39  H    0.006292 
    40  H    0.001201 
    41  H    0.001197 
    42  O   -0.000223 
    43  O   -0.000227 
    44  C   -0.000004 
    45  H   -0.000015 
    46  H    0.000011 
    47  H   -0.000014 
    48  C   -0.000005 
    49  H   -0.000013 
    50  H    0.000010 
    51  H   -0.000014 
 
Figure C5. DFT calculated Mulliken spin density of [MeN4OMeNiIIICl2]
+ (shown with 0.004 
isodensity contour plot).  
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Wavelength 
(nm) 
Osc. 
Strength Major contribs 
649.03 0.0052 H-15(B)->L+1(B) (35%), H-1(B)->L+1(B) (34%) 
572.01 0.0032 H-7(A)->LUMO(A) (41%), H-16(B)->LUMO(B) (11%), H-6(B)->LUMO(B) (28%) 
506.91 0.0023 H-6(A)->LUMO(A) (28%), H-14(B)->LUMO(B) (13%), H-4(B)->LUMO(B) (19%) 
504.97 0.0098 H-2(A)->LUMO(A) (64%), H-1(A)->LUMO(A) (23%) 
500.82 0.0041 H-3(A)->LUMO(A) (87%) 
443.70 0.0019 H-2(B)->LUMO(B) (17%), HOMO(B)->LUMO(B) (75%) 
369.58 0.0171 H-10(A)->LUMO(A) (12%), H-2(B)->LUMO(B) (50%) 
358.97 0.0076 H-5(B)->LUMO(B) (58%), H-4(B)->LUMO(B) (30%) 
348.34 0.0023 H-9(B)->LUMO(B) (13%), H-7(B)->LUMO(B) (17%), H-2(B)->L+1(B) (21%) 
345.50 0.0011 H-8(B)->LUMO(B) (18%), H-7(B)->LUMO(B) (24%), H-2(B)->L+1(B) (15%) 
339.99 0.0016 H-9(B)->LUMO(B) (54%), H-2(B)->L+1(B) (28%) 
338.54 0.025 H-3(B)->L+1(B) (56%), H-1(B)->L+1(B) (13%) 
336.37 0.0665 H-15(B)->L+1(B) (13%), H-3(B)->L+1(B) (19%), H-1(B)->L+1(B) (31%) 
332.25 0.018 H-11(A)->LUMO(A) (16%), H-9(B)->LUMO(B) (11%), H-2(B)->L+1(B) (11%) 
328.58 0.0028 H-5(B)->L+1(B) (55%), H-4(B)->L+1(B) (23%) 
320.60 0.0108 H-14(B)->LUMO(B) (15%), H-4(B)->L+1(B) (10%) 
320.55 0.0095 H-14(B)->LUMO(B) (15%), H-4(B)->L+1(B) (11%) 
318.48 0.0042 
H-15(A)->LUMO(A) (11%), H-11(A)->LUMO(A) (11%), H-8(B)->LUMO(B) 
(24%), H-7(B)->LUMO(B) (28%) 
316.92 0.0206 H-11(A)->LUMO(A) (24%), H-8(B)->LUMO(B) (16%), H-7(B)->LUMO(B) (18%) 
299.38 0.0036 H-9(B)->L+1(B) (62%) 
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Cartesian coordinates for [tBuN4OMeNiIIICl2]
+ 
Ni                 0.03795400    0.04938300    0.03789200 
 Cl                 2.28460500    0.05713400    0.07750000 
 N                 -0.31735800   -0.45338900    2.32342200 
 N                 -1.87486800    0.01087400    0.03053000 
 C                 -4.61668800    0.28265200    0.07464300 
 C                 -2.54362700   -0.26169300    1.16388400 
 C                 -2.52233800    0.34373800   -1.10889500 
 C                 -3.89678700    0.47926800   -1.11975200 
 C                 -3.92377500   -0.11622600    1.22886900 
 H                 -4.42104300    0.73085900   -2.03499800 
 H                 -4.43391900   -0.33449200    2.15832100 
 C                 -1.75343500   -0.86482300    2.29996800 
 H                 -2.25327300   -0.65886600    3.24702700 
 H                 -1.81164500   -1.95085300    2.16886200 
 C                 -1.66854800    0.52280100   -2.34122900 
 H                 -1.37869100    1.57158500   -2.42303500 
 H                 -2.26881800    0.26847900   -3.22176900 
 N                 -0.43120900   -0.30312800   -2.25723200 
 C                  0.54778200   -1.66388300    2.40263800 
 H                  0.30120900   -2.28334100    3.27208700 
 H                  1.58600400   -1.34287300    2.50252400 
 C                 -0.79581700   -1.75213800   -2.24880200 
 H                 -0.57535500   -2.23438800   -3.20147900 
 H                 -1.87913100   -1.84393800   -2.11595800 
 C                  0.41627700   -2.50747100    1.15745000 
 C                  0.04546600   -3.89595300   -1.19100200 
 N                  0.06767200   -1.86338200    0.02887800 
 C                  0.61845500   -3.88109000    1.16369000 
 C                  0.46544700   -4.58916700   -0.04017300 
 C                 -0.16442800   -2.53187000   -1.12155900 
 H                  0.88153600   -4.37227800    2.09214400 
 H                 -0.13152700   -4.43652500   -2.11427400 
 Cl                -0.03836100    2.29435700    0.01625300 
 C                  0.56553700    0.02999300   -3.38257300 
 C                 -0.02609600    0.54053000    3.46316800 
 C                  1.13146800    1.44500100   -3.18636200 
 H                  0.36031800    2.21942000   -3.22630200 
 H                  1.66370200    1.53137300   -2.23775900 
 H                  1.83601100    1.64911600   -4.00026600 
 C                 -0.11497600   -0.04787700   -4.76708500 
 H                  0.65228300    0.06455800   -5.54064500 
 H                 -0.61207600   -1.00870900   -4.93877200 
 H                 -0.84757000    0.75174900   -4.91498900 
 C                  1.73795500   -0.96762400   -3.34178800 
 H                  2.19076500   -1.01087600   -2.34879700 
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 H                  1.45016700   -1.97794500   -3.64758600 
 H                  2.50338300   -0.62762600   -4.04723500 
 C                 -1.05723800    1.68388700    3.42523700 
 H                 -1.10517300    2.14602500    2.43681600 
 H                 -2.06140400    1.36406800    3.71911700 
 H                 -0.74558100    2.45146800    4.14132300 
 C                  1.37308600    1.15091200    3.28837600 
 H                  2.17051400    0.40395200    3.33421500 
 H                  1.45547700    1.69144400    2.34408200 
 H                  1.54500900    1.85576700    4.10931000 
 C                 -0.09751300   -0.15767500    4.83911500 
 H                  0.72245100   -0.86732100    4.98730600 
 H                 -0.01648900    0.60405800    5.62201600 
 H                 -1.04451700   -0.68541100    4.99527300 
 O                 -5.93987100    0.46690500    0.00524300 
 O                  0.65814400   -5.90513600   -0.18229800 
 C                 -6.73078100    0.28604600    1.19281100 
 H                 -6.41068500    0.97503500    1.98096700 
 H                 -7.75501600    0.51479700    0.89690800 
 H                 -6.67014000   -0.74784700    1.54787800 
 C                  1.07980300   -6.67809600    0.95494600 
 H                  0.32880300   -6.64041200    1.75077700 
 H                  1.17727000   -7.70053400    0.58864000 
 H                  2.04623600   -6.32508100    1.32906700 
 
 
Mulliken atomic spin densities for [tBuN4OMeNiIIICl2]
+ 
 
     1  Ni   0.797527 
     2  Cl  -0.031201 
     3  N    0.125169 
     4  N    0.001507 
     5  C   -0.000352 
     6  C    0.000912 
     7  C   -0.000956 
     8  C   -0.000173 
     9  C   -0.001219 
    10  H    0.000203 
    11  H    0.000376 
    12  C   -0.002437 
    13  H    0.002716 
    14  H    0.000517 
    15  C   -0.004512 
    16  H    0.000743 
    17  H    0.003722 
    18  N    0.126689 
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    19  C   -0.004415 
    20  H    0.003568 
    21  H    0.000684 
    22  C   -0.002490 
    23  H    0.002831 
    24  H    0.000485 
    25  C   -0.000984 
    26  C   -0.001240 
    27  N    0.001723 
    28  C   -0.000209 
    29  C   -0.000313 
    30  C    0.001022 
    31  H    0.000207 
    32  H    0.000410 
    33  Cl  -0.031387 
    34  C   -0.004358 
    35  C   -0.004319 
    36  C    0.001876 
    37  H   -0.000099 
    38  H    0.000156 
    39  H   -0.000328 
    40  C    0.007246 
    41  H    0.001404 
    42  H   -0.000376 
    43  H   -0.000362 
    44  C    0.000563 
    45  H    0.000217 
    46  H   -0.000069 
    47  H   -0.000230 
    48  C    0.000569 
    49  H    0.000214 
    50  H   -0.000068 
    51  H   -0.000228 
    52  C    0.001833 
    53  H   -0.000097 
    54  H    0.000155 
    55  H   -0.000323 
    56  C    0.007151 
    57  H   -0.000357 
    58  H    0.001405 
    59  H   -0.000370 
    60  O   -0.000122 
    61  O   -0.000171 
    62  C   -0.000004 
    63  H   -0.000011 
    64  H    0.000010 
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    65  H   -0.000006 
    66  C   -0.000011 
    67  H   -0.000012 
    68  H    0.000009 
    69  H   -0.000010 
 
Figure C6. DFT calculated Mulliken spin density of [tBuN4OMeNiIIICl2]
+ (shown with 0.005 
isodensity contour plot). 
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Wavelength 
(nm) 
Osc. 
Strength Major contribs 
838.13 0.0108 
H-20(B)->LUMO(B) (13%), H-14(B)->LUMO(B) (12%), HOMO(B)-
>LUMO(B) (37%) 
656.31 0.0015 
H-4(A)->LUMO(A) (17%), H-2(A)->LUMO(A) (16%), H-1(A)->LUMO(A) 
(60%) 
564.87 0.0003 H-7(B)->LUMO(B) (26%), H-6(B)->LUMO(B) (18%) 
520.70 0.0051 H-5(A)->LUMO(A) (29%), H-3(A)->LUMO(A) (29%), H-4(B)->L+1(B) (10%) 
514.18 0.0036 H-4(A)->LUMO(A) (54%), H-2(A)->LUMO(A) (19%) 
511.51 0.009 H-3(A)->LUMO(A) (52%), H-4(B)->L+1(B) (14%) 
452.55 0.0018 H-3(B)->L+1(B) (12%), H-1(B)->L+1(B) (79%) 
437.30 0.0906 
H-8(B)->LUMO(B) (11%), H-3(B)->LUMO(B) (10%), HOMO(B)->LUMO(B) 
(45%) 
422.00 0.0025 H-9(A)->LUMO(A) (12%), HOMO(B)->L+1(B) (24%) 
402.43 0.0013 
H-10(A)->LUMO(A) (10%), H-9(A)->LUMO(A) (16%), H-9(B)->LUMO(B) 
(11%), H-4(B)->LUMO(B) (11%), H-2(B)->LUMO(B) (11%) 
395.35 0.002 H-7(B)->LUMO(B) (10%), H-2(B)->LUMO(B) (50%) 
389.92 0.0067 H-25(A)->LUMO(A) (14%), H-3(B)->LUMO(B) (24%) 
387.79 0.0044 H-25(A)->LUMO(A) (18%), H-6(B)->L+1(B) (13%), H-2(B)->L+1(B) (36%) 
386.36 0.0054 H-4(B)->L+1(B) (10%), H-3(B)->LUMO(B) (24%), H-2(B)->L+1(B) (16%) 
381.27 0.0062 
H-9(B)->LUMO(B) (14%), H-7(B)->LUMO(B) (11%), H-3(B)->LUMO(B) 
(13%), H-3(B)->L+1(B) (13%) 
372.40 0.0103 H-5(B)->LUMO(B) (75%) 
362.15 0.002 
H-19(B)->LUMO(B) (20%), H-6(B)->LUMO(B) (17%), H-4(B)->LUMO(B) 
(32%) 
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Table C1. Atomic contributions of selected molecular orbitals and their energies for #. Only atoms 
interacting with Ni are shown.  
MO # MOs (0.05-0.085 isocontour value) Ni 2N (ax.) 2N (eq.) 2Cl 
[MeN4NiIIICl2]+ 
α-HOMO 
 
10 54 0 10 
[MeN4NiIIICl2]+ 
α-LUMO 
 
41 0 18 34 
[tBuN4NiIIICl2]+ 
α-HOMO 
 
14 48 0 8 
[tBuN4NiIIICl2]+ 
α-LUMO 
 
44 0 20 30 
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Table C2. Atomic contributions of selected molecular orbitals and their energies for #. Only atoms 
interacting with Ni are shown.  
MO # MOs (0.05-0.085 isocontour value) Ni 2N (ax.) 2N (eq.) 2Cl 
[MeN4OMeNiIIICl2]+ 
α-HOMO 
 
21 46 4 10 
[MeN4OMeNiIIICl2]+ 
α-LUMO 
 
44 0 20 30 
[tBuN4OMeNiIIICl2]+ 
α-HOMO 
 
14 48 4 6 
[tBuN4OMeNiIIICl2]+ 
α-LUMO 
 
44 0 20 30 
 
  
259 
 
DFT Calculations of [Me3tacnNiIII(cycloneophyl)]+ 
The DFT calculations were performed using Gaussian095 software package. The B3LYP 
functional was used with the basis set 6-31G* for all non-nickel atoms and using the m6-31G* 
basis set for the nickel atom. This combination of hybrid functional and basis sets has been 
previously shown to work well for reproducing experimental parameters for Ni complexes.6 Spin 
unrestricted geometry optimizations with a SCRF of acetonitrile were performed on 2+ starting 
from the crystallographic data with counteranions excluded. The ground state wavefunction was 
investigated by analyzing the frontier MOs and the atomic contributions to these MOs was 
calculated using Chemissian.7  
Cartesian coordinates for [Me3tacnNi
III(cycloneophyl)]+ 
Symbol X Y Z 
Ni 0.012831 -0.01149 -0.0228 
N -0.02384 2.120878 -0.23389 
N -0.02202 0.445103 2.072154 
N 2.126853 0.274158 0.164601 
C -0.70203 2.615255 0.994698 
H -1.7678 2.421283 0.880602 
H -0.57797 3.703079 1.093622 
C -0.17185 1.926 2.254069 
H 0.791134 2.34838 2.544526 
H -0.85794 2.129848 3.082652 
C 1.315334 -0.03578 2.511296 
H 1.294528 -1.128 2.462211 
H 1.509739 0.250153 3.555226 
C 2.428888 0.504865 1.618318 
H 2.585674 1.569991 1.793337 
H 3.367696 0.009251 1.884256 
C 2.347979 1.492841 -0.66703 
H 2.193813 1.19357 -1.70855 
H 3.385941 1.841514 -0.56936 
C 1.392242 2.612443 -0.29753 
H 1.664934 3.05308 0.66235 
H 1.476364 3.415306 -1.03755 
C -0.74295 2.578024 -1.44638 
H -0.22312 2.203379 -2.33232 
H -0.77104 3.675495 -1.49017 
H -1.76147 2.191625 -1.44724 
C -1.08521 -0.26773 2.811634 
H -2.06195 0.070014 2.460308 
H -1.0064 -0.07315 3.890377 
H -1.00053 -1.34244 2.639455 
C 3.024771 -0.78468 -0.35676 
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H 2.982168 -1.66489 0.285601 
H 4.06092 -0.42139 -0.37454 
H 2.726456 -1.06166 -1.37005 
C 0.088571 -1.98291 -0.07355 
H 1.133765 -2.29565 -0.04117 
H -0.41759 -2.34751 0.825326 
C -1.83082 -0.47882 -0.56756 
C -3.00917 0.24831 -0.34148 
H -3.0061 1.154701 0.255304 
C -4.23824 -0.17669 -0.86742 
H -5.13466 0.410263 -0.67924 
C -4.31091 -1.34677 -1.62459 
H -5.26199 -1.67601 -2.03636 
C -3.15692 -2.11019 -1.82513 
H -3.21825 -3.04356 -2.38072 
C -1.93483 -1.69177 -1.2867 
C -0.63934 -2.47746 -1.33529 
C 0.158756 -2.12525 -2.60975 
H 0.351833 -1.04698 -2.67041 
H -0.39315 -2.41744 -3.51184 
H 1.124451 -2.64629 -2.62276 
C -0.84112 -4.00468 -1.2797 
H 0.127405 -4.51471 -1.20326 
H -1.33851 -4.37964 -2.18323 
    
 
Mulliken atomic spin densities [Me3tacnNi
III(cycloneophyl)]+ 
     1  Ni   1.036456           
     2  N    0.007928 
     3  N    0.104854 
     4  N    0.004154 
     5  C    0.002204 
     6  H    0.000112 
     7  H   -0.000372 
     8  C   -0.003430 
     9  H    0.001008 
    10  H    0.002902 
    11  C   -0.004993 
    12  H    0.000483 
    13  H    0.003906 
    14  C    0.000843 
    15  H   -0.000103 
    16  H   -0.000355 
    17  C   -0.001287 
    18  H    0.000137 
    19  H    0.000992 
    20  C   -0.000395 
    21  H    0.000034 
    22  H    0.000228 
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    23  C   -0.000974 
    24  H    0.000345 
    25  H    0.001711 
    26  H    0.000135 
    27  C   -0.005316 
    28  H    0.000955 
    29  H    0.004274 
    30  H    0.000819 
    31  C   -0.000502 
    32  H   -0.000005 
    33  H    0.001428 
    34  H    0.000030 
    35  C   -0.111584 
    36  H   -0.000085 
    37  H    0.002199 
    38  C   -0.056654 
    39  C    0.003996 
    40  H   -0.000447 
    41  C   -0.004678 
    42  H   -0.000581 
    43  C    0.004661 
    44  H   -0.000222 
    45  C   -0.002694 
    46  H    0.000257 
    47  C    0.003403 
    48  C    0.004359 
    49  C    0.003239 
    50  H   -0.000689 
    51  H    0.000368 
    52  H   -0.000116 
    53  C   -0.002026 
    54  H    0.000077 
    55  H   -0.001086 
    56  H    0.000099 
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Figure C7. DFT calculated Mulliken spin density of [Me3tacnNi
III(cycloneophyl)]+ (shown as a 
0.005 isodensity contour plot).  
